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I.  Obfer  vat  ions  on  the  rain-water ,  the  ther¬ 
mometer ,  and  barometer ,  during  the  year 
1713  the  royal  obfervatory ,  M.  de 

la  Hire*. 


r-pHERE  fell  in 


Lin . 

Lin 

Jan. 

July 

60 

Feb. 

12 

2 

s 

Aug. 

24 

March 

8 

i. 

8 

Sept. 

16 

April 

29’ 

061. 

*7 

May 

25 

j& 

8 

Novem. 

8 

June 

22 

1 

8 

Dec. 

2 

5 

8 

jr 

8 

i. 

8 

jr 

8 

X 

8 

z_ 

8 


Sum  of  the  water  of  the  whole  year  247  lines  { 
or  20  inches,  7  lines 

We  fee  by  this,  that  the  quantity  of  water 
which  fell  this  year,  is  a  little  greater  than  in 
the  mean  ftate,  which  we  have  fettled  at  19  inches. 
We  fee  alfo  that  the  fingle  month  of  July  has 
afforded  almoft  a  quarter  of  it,  and  it  ufually 
happens,  that  in  the  3  months  o  {'June,  July ,  and 
Augujl ,  there  falls  as  much  as  in  all  the  reft  of  the 
year.  It  rained  a  good  deal  in  April ,  but  in 
March  it  rained  but  very  little,  for  the  wind  in 
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this  month  was  generally  north,  or  thereabouts. 
The  fame  alfo  happened  in  November  and  Decem¬ 
ber.  , 

The  greateft  cold  of  this  year  was  January  15, 
when  my  thermometer  fell  to  18  {  parts,  which 
is  not  a  very  conftderable  cold,  for  in  leveral  years 
we  fee  it  fall  to  14,  and  it  is  at  32  when  it  begins 
to  freeze  in  the  country  ;  the  winter  however  was 
cold,  and  it  continued  freezing  during  the  whole 
month  of  March .  It  was  pretty  cold  alfo  during 
the  laft  two  months  of  the  year,  and  it  often  froze; 
and  in  the  ftrongeft  cold  of  thefetwo  months  the 
thermometer  fell  to  22  |  parts  December  6.  There 
fell  no  fnow  during  the  whole  year. 

The  heats  were  not  great,  for  the  thermometer 
rofe  but  very  little  above  48,  which  marks  the 
mean  ftate  of  the  heat  of  the  air,  as  it  is  always  at 
the  bottom  of  the  caves  of  the  obfervatory  ;  but 
only  the  laft  days  of  the  month  of  Augujl  the  ther¬ 
mometer  rofe  to  58  parts.  It  may  be  obferved, 
that  in  fummer  the  thermometer  ufually  rifes  1 1 
pans  about  two  or  three  hours  after  noon  higher 
than  in  the  morning  at  fun-rifing,  which  is  the  time 
when  I  make  all  the  obfervations. 

There  were  a  great  many  fogs  toward  the  end 
of  this  year,  and  the  little  heat  of  the  month  of 
Anguji,  did  not  give  a  perfedt  maturity  to  the 
fruits. 

The  prevailing  wind ’of  this  year  was  N  and  E. 
wherefore  the  heats  were  not  great,  and  did  not 
laft  long.  The  great  rains  of  the  month  of  July 
came  with  winds  from  the  fouth  or  thereabouts, 
which  fhould  have  brought  a  hot  air,  only  they 
were  cooled  by  the  weft  wind  which  comes  to  us 
from  the  fea,  and  by  a  great  quantity  of  water  up¬ 
on  the  ground  ;  for  the  water  cannot  receive  the 
impreflion  of  the  heat  of  the  fun  foftrongly  as  a 
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dry  ground ;  the  cold  and  moift  winds  are  alfo 
more  penetrating  than  the  dry;  and  if  we  fome- 
times  feel  a  fufFocating  heat  in  fummer  after  a 
fmall  rain,  it  is  only  becaufe  this  rain  partly  abates 
the  wind  which  ufually  comes  from  thefouth  when 
it  rains,  and  becaufe  the  impreffion  of  heat  that  we 
feel  is  much  greater  when  there  is  no  wind,  than 
when  any  wind  whatfoever  continually  carries  off 
a  fort  of  heated  atmofphere,  which  furrounds  our 
bodies. 

My  barometer  was  at  the  higheft  at  28  inches 
4  lines  |  November  26,  with  a  pretty  weak  north- 
eaft  wind,  and  the  days  before  and  after,  the  wind 
was  the  fame,  and  in  all  that  time  it  did  not  rain, 
for  in  the  2  months  of  November  and  December 
there  was  hardly  any  rain,  and  the  barometer  al¬ 
ways  kept  up  very  high.  Oflober  29  the  baro¬ 
meter  was  at  the  lowed  at  26  inches  10  lines  f , 
the  wind  being  at  that  time  towards  the  fouth  but 
with  little  rain. 

In  July  when  it  rained  in  two  days  near  2  5  lines, 
the  barometer  was  at  27  inches  3  or  4  lines.  We 
fee  therefore  that  thedifference  between  the  greateft 
and  lead  height  of  the  barometer,  was  this  year  1 
inch  6  lines  very  nearly,  which  isasufual.  I  have 
another  barometer  fituated  in  the  fame  place,  where 
the  quickfilver  is  always  3  lines  higher  than  in  that 
which  I  ufe  for  my  obfervations. 

We  may  conclude  from  all  this,  that  in  general, 
when  the  air  is  heavier  than  in  its  mean  itate,  it 
rains  but  feldom  and  very  little,  and  on  the  con¬ 
trary  when  it  is  lighter  there  ufually  falls  fome  rain, 
as  has  been  always  obferved  ever  fince  the  baro¬ 
meter  began  to  be  ufed.  However  there  are  fome- 
times  found  in  the  air  difpcfnions  of  cold  or  heat  at 
certain  diftances  from  the  earth  with  low  winds 
and  fogs,  which  caufe  rain  when  we  fhould  judge 
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from  the  barometer  that  it  would  be  fair  *,  for  the 
weight  of  the  air  is  fometimes  not  great  enough  to 
raife  the  vapours  which  form  the  fogs,  or  elfe  it 
raifes  them  but  to  a  little  height,  and  fo  they  fall 
again  almoft  immediately  in  rain  after  being 
condenfed  ;  it  is  common  alfo  for  it  to  rain  foon 
after  the  fog  is  ri fen. 

December  29,  I  found  the  declination  of  the 
needle  to  be  1 1  degrees  12  minutes  toward  the 
well. 

II.  Obfervations  on  the  gum-lac c,  and  other 
animal  fubjlances 5  which  furnifh  the  pur¬ 
ple  dye  \  by  M.  Geoffroy  junior . 

Of  all  the  curiofities  of  natural  hiftory  none  have 
caufed  greater  admiration  than  the  labours  of  the 
bees;  and  tho*  thefe  wonderful  infects  greatly  merit 
our  attention,  yet  they  are  not  the  only  ones  which 
make  their  induftry  appear  in  building  hives.  Many 
others  have  the  fame  art,  but  the  little  benefit  that 
we  receive  from  the  labour  of  fome  of  thefe  ani¬ 
mals  has  occafioned  their  being  negleded. 

Among  thefe  we  may  reckon  the  infers  which 
produce  th egum-lacc  in  the  Indies .  And  tho*  this 
material  has  been  fought  after  for  dying  and  other 
ufes,  yet  the  manner  in  which  it  is  produced  has 
not  been  difcovered,  either  for  want  of obfervers 
upon  the  fpot,  or  becaufe  the  infe6ls  which  work 
it  not  being  brought  up  with  particular  care,  like 
our  bees,  have  not  been  clofely  enough  examined. 

I  fhall  therefore  add  my  oblervations  on  this 
fubjedt,  to  the  little  information  which  authors 
have  given  us  concerning  it,  that  we  may  fhew  the 
nature  of  the  gum  lacc  better  than  has  been  hither¬ 
to  done.  ’ 
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The  name  of  gum  feems  not  very  proper,  for  it 
is  rather  a  fort  of  wax,  as  I  fhall  (hew  prefently. 

The  name  of  lac  or  loc  comes  from  the  Ara- 
bians ,  who  taught  it  to  the  Indians  ;  it  is  alfo  cal¬ 
led  tree  in  the  kingdom  of  Pegu  and  Martaban . 

The  firft  who  have  treated  of  the  lacc  have  in¬ 
formed  us  that  it  grows  in  the  Indies ,  and  parti¬ 
cularly  in  the  kingdom  of  Pegu. 

As  it  is  difficult  for  us  to  believe  that  the  an¬ 
cients  were  ignorant  of  any  thing,  feveral  have  i- 
magined  that  it  was  known  by Diofcorides  and  Se- 
rapio ,  and  that  it  is  what  the  firft  has  called  can - 
camum  ;  but  the  defeription  which  thefe  authors 
have  left  of  it,  is  too  imperfed  for  us  to  be  able  to 
make  any  judgment  of  it. 

The  principal  fort  of  lacc,  and  that  which  has 
given  occafion  to  my  obfervations,  is  called  flick- 
lacc ,  becaufe  it  is  brought  to  us  fattened  upon  little 
branches  on  which  it  has  been  formed. 

The  firft  thing  to  be  examined,  is  whether  this 
gum  does  not  proceed  from  thefe  little  branches  to 
which  it  is  fattened.  This  is  not  very  probable, 
becaufe  in  breaking  and  loefening  it  from  thefe 
little  (ticks,  we  find  no  outlet,  through  which  it 
could  flow.  Befldes  as  this  gum  is  in  great  abun¬ 
dance,  and  as  the  (licks  are  often  very  fmall,  it  is 
vifible  that  it  is  not  produced  from  them  :  this  is 
alfo  F.  ‘Packard's  opinion,  who  relates,  that  when 
an  incifion  is  made  in  thefe  forts  of  trees,  there 
comes  a  gum  from  them,  but  that  it  is  of  a  quite 
different  nature  from  the  lacc. 

We  know  in  general  it  is  the  work  of  a  fort  of 
infed  ;  fome  fay  they  are  flying  ants,  that  depo- 
fit  this  matter  upon  the  (lender  branches  of  a  tree 
called  Ber.  Others  will  have  it  that  they  are  com¬ 
mon  ants,  and  others  that  they  are  flies  ;  fome  e- 
ven  fay  that  the  (licks  of  the  lacc  are  nothing  but 
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branches,  which  the  inhabitants  take  care  to  prick 
into  the  ground  in  a  large  quantity,  to  lerve  for  a 
fupport  to  the  work  of  thefe  little  infers. 

As  for  the  nature  of  this  work,  they  have  not 
given  us  any  certain  information. 

It  has  appeared  to  me  upon  a  careful  examination 
that  it  could  be  nothing  but  a  fort  or  hive  approach¬ 
ing  in  fome  meafure  to  that  which  bees  and  other 
infects  are  accuftomed  to  work.  And  indeed  upon 
breaking  it,  we  find  it  divided  into  cells  of  a  pret¬ 
ty  uniform  figure,  which  fhews  that  it  has  never 
been  a  gum  or  refin  flowing  from  the  trees. 

Each  of  thefe  cells  is  oblong,  and  has  feveral 
fides,  fometimes  quite  round,  according  as  the  mat¬ 
ter  while  foft  has  been  difordered,  and  flowed  about 
the  branch  which  fuftains  it. 

This  difordering  is  the  caufe  that  the  cells  have 
fome  difference  in  their  conftrudtion,  however  they 
are  for  the  moft  part  fwoln  in  the  middle,  ending 
in  a  fharp  point  on  that  fide  where  they  touch  the 
branch,  terminated  by  the  other  in  a  point,  more 
or  lefs  rounded,  and  perforated  with  a  little  hole, 
fuch  as  thofe  with  which  the  whole  furface  of  the 
lacc  appears  to  be  perforated  when  viewed  more 
clofely. 

At  the  extremities  of  the  cells  there  are  ufually 
perceived  two  little  white  lines,  of  which  it  is  very 
difficult  to  determine  either  the  nature  or  ufe. 

The  partitions  of  thefe  cells  are  extremely  fine 
and  perfectly  like  thofe  of  the  bees  ;  but  as  they 
have  nothing  to  defend  them  from  the  injuries  of 
the  air,  they  are  covered  again  with  a  layer  of  the 
fame  wax  as  hard  and  as  thick,  to  ferve  them  for  a 
Ihelter, 

Hence  we  may  conjecture,  that  thefe  animals 
work  with  no  lefs  indultry  than  the  bees,  fince  they 
have  much  fewer  conveniences, 
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Thefe  cells  are  certainly  made  to  lodge  fome- 
thing,  and  it  is  not  a  mere  excrement  which  thefe 
infers  depofit,  as  fome  have  imagined  ;  for  there 
are  difcovered  in  them  little  bodies  more  or  lels 
fwoln  and  moulded  therein.  The  fird  obfervers 
took  them  for  the  wings  or  other  parts  of  thefe 
ants  to  which  they  afcribe  the  lacc,  in  which  they 
thought  them  to  be  inclofed.  Thefe  little  bodies 
are  of  a  fine  red,  fome  deeper  and  others  paler  ; 
and  when  crufhed  they  are  reduced  to  a  powder  of 
'  as  fine  a  colour  as  that  of  the  cochineal. 

It  is  not  probable,  that  the  parts  of  thefe  ani¬ 
mals  form  the  lacc  ;  at  lead  they  are  not  fuffici- 
ently  didinguifhed  :  to  what  purpofe  fhould  they 
make  fuch  a  tomb  for  themfelves? 

There  is  more  reafon  to  believe,  that  thefe  cells 
are  intended  for  their  fwarms  like  thofe  of  the  bees, 
and  that  thefe  little  bodies  are  the  embrio’s  of  the 
infedls,  which  are  to  come  out,  or  the  coverings 
of  thofe  which  are  actually  gone  out;  as  we  fee 
in  the  kermes  or  fcarlet  grain,  the  galls  and  other 
excrefcences,  which  proceed  from  the  pundlures  of 
infedts,  of  which  I  fhall  have  occafion  to  fpeak, 
for  the  farther  clearing  up  of  this  matter. 

Thefe  little  bodies  are  oblong,  wrinkled  or 
fliagreened  like  the  cochineal,  terminated  on  one 
fide  by  a  point,  and  on  the  other  by  two,  and 
fometimes  by  a  third.  When  foaked  in  water  they 
fwell  like  the  cochineal,  give  it  as  fine  a  tindlure, 
and  afiume  almoft  the  fame  fhape,  fo  that  by  mere 
infpedlion  we  judge  them  to  be  the  little  bodies  of 
infedts  in  whatfoever  date  they  may  be.  The  lacc 
owes  its  red  tindture  to  them,  for  when  it  is  quite 
deprived  of  them,  or  but  little  furnifhed,  it  hard¬ 
ly  affords  even  a  flight  tindture. 

It  appears  therefore  that  the  lacc  is  only  a  fort  of 
wax,  which  forms  in  a  manner  the  body  of  the  hive. 
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This  wax  is  of  a  good  fmell  when  burnt,  but 
as  for  the  little  bodies  inclofed  in  the  cells,  they 
yield  a  difagreeable  fmell,  like  the  parts  of  ani¬ 
mals. 

Many  of  thefe  little  bodies,  which  for  the  moft 
part  are  hollow,  are  fometimes  found  quite  rotten, 
and  full  of  mouldinefs ;  others  are  filled  with  a 
powder,  in  which  the  microfcope  difcovers  a  great 
number  of  long  tranfparent  infe&s,  with  feveral 
feet,  of  which  it  is  not  eafy  to  determine  the  fpe- 
cies.  Perhaps  they  are  the  infedts  which  have  been 
there  depofited  by  thofe  which  form  the  lacc  ;  or 
perhaps  they  may  beothers>  which  are  there  pro¬ 
duced. 

For  there  are  different  forts  of  them,  which  pe¬ 
netrate  the  whole  fubftance  of  the  lacc,  lodging 
therein,  and  depofiting  their  eggs  in  great  num¬ 
ber,  as  it  happens  fometimes  in  the  bee-hives : 
this  is  eafy  to  be  obferved  by  a  filk  which  paflfes 
on  the  outfide,  through  an  aperture  which  the 
worm  makes  as  it  goes  in,  and  under  which  we 
difcover  its  covering,  which  is  called  Nympha , 
Chryfalis ,  or  Aurelia ,  and  is  commonly  pretty 
thick. 

Near  this  covering  we  fee  a  knot  of  round,  flat, 
tranfparent  eggs,  and  as  red  when  crufhed,  as  the 
little  bodies  contained  in  the  cells. 

This  filk,  of  which  the  end  appears  on  the  out¬ 
fide,  ferves  to  cover  the  chryfalis ,  and  fometimes 
for  a  fupport  to  the  eggs. 

The  worm  could  never  have  lodged  itfelf  thus 
without  dettroying  a  great  number  of  cells,  and 
finifhing  that  which  it  found  ;  it  is  to  this  chiefly 
that  it  fallens  itfelf,  doing  no  damage  either  to  the 
wood  which  bears  the  lacc,  or  to  the  upper  layer 
of  the  fame  lacc,  where  we  only  obferve  a  pretty 

large 
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large  hole,  by  which  it  went  in,  and  came  out 
after  its  metamorphofis. 

All  thefe  obfervations  lead  me  to  conclude,  that 
what  is  called  gum  lacc  is  not  exadtly  of  the  kind 
of  gums  or  refins,  but  a  fort  of  wax  collected  and 
formed  by  certain  infedts,  after  the  manner  of 
hives,  of  which  the  cells  are  filled  with  their 
fwarm  •,  and  that  the  white  ftripes,  which  1  ob~ 
ferved  in  the  cells,  may  be  a  remainder  of  a  mat¬ 
ter,  fit  tonourifh  thefe  little  inledts,  when  they  be¬ 
gin  to  hatch. 

But  what  confirms  me  more  in  this  opinion, 
that  the  lacc  is  a  real  hive,  is  the  examination  I 
have  made  of  that  which  comes  from  the  ifiand  of 
Madagafcar ,  for  it  does  not  differ  at  all  from  wax, 
having  the  colour  and  the  fmell  of  it.  The  natives 
call  it  Lit-in-bitfc .  Flacourt ,  in  his  defcription 
of  the  ifiand  of  Madagascar,  is  the  firfl  who  has 
made  mention  of  it,  the  pieces  of  it  are  much 
thicker  than  thofe  of  the  ordinary  lacc  ;  its  colour 
approaches  to  that  of  the  tranfparent  white  amber*, 
it  is  formed  like  that  of  the  Indies ,  about  the 
branches  of  trees,  and  is  in  like  manner  difpofed 
in  cells  filled  with  a  larger  fort  of  chryfalides ,  the 
figure  of  which  anfwers  to  that  of  the  common  lacc, 
but  the  colour  of  it  is  grey. 

Thefe  membranes  might  rather  be  taken  for 
wings  of  ants,  becaufe  of  the  colour,  whereas  the 
membranes  or  chryfalides  of  our  lacc  are  fo  red  as 
to  appear  black  •,  befides  this  lacc  of  Madagafcar 
is  not  ufed  like  that  of  Pegu ,  being  of  no  ufe  in 
tindtures  or  in  fealing  wax,  which  makes  it  alfo 
be  lefs  known. 

By  all  the  experiments  which  I  have  made  on 
this  lacc,  I  have  not  found  it  different  from  the 
wax  of  our  bee- hives,  which  might  give  room  to 
fufpedl,  thar  this  matter  might  all  be  the  work 
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of  fame  farts  of  bees,  if  the  figure  and  difpofition 
of  the  cells  did  but  vifibly  appear  the  fame  as  in  the 
lacc.  The  fpecies  of  chry fa  tides  have  all  the  fame 
figure,  except  the  colour,  and  the  upper  and  low¬ 
er  part  of  the  cells  have  the  white  iiripes,  which 
I  have  obferved  in  our  lacc. 

The  conformity,  which  I  obferve  between  thefe 
two  different  laces,  muft  take  away  ail  lufpicions 
about  the  flick  lacc  *,  fa  that  it  is  out  of  doubt 
that  thefe  two  fubftances  are  not  produced  by  the 
trees  on  which  they  are  found,  but  that  they  are 
brought  from  fame  other  place  by  infe&s,  which 
according  to  the  account  that  Y.Lachard  received, 
are  a  fort  of  ants,  that  gather  it  as  our  bees  do 
wax.  Now  it  is  known  that  our  bees  do  not  make 
the  wax,  but  only  gather  it  from  flowers,  as  M. 
Maraldt  has  juftly  obferved,  fa  that  without  the 
bees  we  fhould  have  no  wax;  and  though  we  know 
where  they  find  it,  yet  all  the  indullry  of  men 
imaginable  could  never  gather,  with  much  labour 
and  in  a  long  fpace  of  time,  fuch  a  fmall  quantity 
as  is  the  common  load  of  one  bee. 

I  may  therefore  compare  the  lacc  upon  the  flicks 
loaded  with  cells  to  the  wax  of  our  bees,  and  fay, 
that  without  the  ants  there  would  be  no  lacc,  for 
it  is  they  that  take  the  pains  to  gather  it,  prepare 
it,  and  work  it,  during  8  months  of  the  year,  for 
their  particular  ufe,  which  is  the  production  and 
prefervation  of  their  young,  and  that  men  have 
taken  advantage  of  it  by  ufing  it  for  the  fine  fcarlet 
tinCture  made  in  the  Levant ,  and  for  lealing 
wax  and  vernifh. 

I  do  not  however  pretend  entirely  to  overthrow 
the*opinion  of  thofe,  who  fay  there  is  agum-Jacc, 
which  diflills  from  the  leaves  of  certain  trees,  fince 
the  ants,  which  according  to  F.  Lachard' s  account, 
ufually  gather  it  upon  different  flowers,  might 
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find  it  alfo  in  abundance  upon  fome  trees,  whence 
it  might  be  gathered  without  their  aftiftance. 
Thofe  who  are  of  this  opinion  think  it  is  the  Jacc 
that  is  brought  to  us  in  mafs,  in  which  we  find 
neither  the  ceils  nor  the  little  red  bodies  that  are  feen 
in  the  other.  But  it  is  much  more  probable,  that 
all  this  matter  has  been  wrought  by  the  ants,  and 
t h it  the  mafifes  were  thus  brought  by  the  Indians , 
after  having  drawn  the  tincture  from  it,  or  clean- 
led  it  from  the  impurities  with  which  it  was  mixed. 
Thefe  alterations  are  not  without  example,  for  we 
fee  that  the  workmen  who  make  ufe  of  the  (tick 
lacc  to  draw  the  tindure  from  it,  metamorphofe 
it  into  another  fort  of  lacc,  called  feed  lacc,  becaufe 
it  is  like  little  feeds  or  grains,  and  may  be  ufed 
for  other  works,  for  which  it  is  even  preferred  to 
that  which  is  in  mafs. 

This  is  what  we  may  conjecture  concerning  the 
lacc  in  mafs,  for  the  fads  mu  ft  be  verified  upon 
the  fpot,  unlefs  we  choofe  rather  to  depend  upon 
jT dvernier ,  who  lays,  that  in  Pegu  there  is  a  lefs 
elteemed  fort  of  lacc,  which  is  commonly  mixed 
with  a  great  deal  of  drofs,  and  the  reafon  which 
he  gives  for  it  is,  that  the  ants  lay  it  in  the  ground 
in  heaps,  fometimes,  fays  he,  as  big  as  a  tun. 

We  muff  therefore  ellablifh  different  forts  of 
lacc  *,  fir  ft  the  lacc  in  branches,  of  which  I  diftin- 
guiffi  two  forts,  one  of  a  deep  yel'ow  amber  co¬ 
lour  which  has  the  cells,  but  has  not  received  heat 
enough  to  take  the  red  colour  of  the  animal  parts 
contained  in  ir,  or  rather  becaufe  the  wax  is  in 
too  great  abundance  in  proportion  to  the  animal 
parts  contained  in  them. 

The  2d  fort  is  of  a  darker  colour  on  the  outfide, 
but  quite  red  when  held  up  a  gain  ft  the  light ;  this 
fine  colour  comes  from  the  cells  being  well  filled, 
and  the  animal  parts  being  in  abundance,  and  com- 
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municating  their  tin&ure  to  the  wax  with  the  aflif- 
tance  of  the  heat  of  the  fun ;  we  may  fay 
it  is  the  lacc  in  its  maturity,  for  it  is  more  hea¬ 
vy,  clofe,  and  folid  than  the  preceding. 

The  3d  fort  is  a  dirty  lacc  in  bits,  mixt  with 
earth,  and  wood,  wherein  we  can  hardly  difcover 
any  cells  ;  this  fort  may  be  that  which  Tavernier 
means. 

The  4th  fort  is  that  which  I  have  defcribed  from 
the  ifland  of  Madagafcar ,  which,  as  I  have  ob- 
ferved,  comes  much  nearer  our  wax  than  the  com¬ 
mon  lacc. 

The  5th  fort  is  that  which  is  in  loofe  grains  of 
a  reddifh  colour. 

The  6th  is  in  a  great  mafs  or  loaves,  refembling 
a  heap  of  little  grains  united  together,  and  of  a 
brown  colour  ;  this  lafb  fpecies  would  agree  well 
enough  with  that  which  Mr.  Ray  has  mentioned, 
if  it  is  true,  as  he  fuppofes,  that  it  flows  naturally 
from  trees. 

Plaving  fliewn  that  the  lacc  in  branches  is  no¬ 
thing  but  a  hive  wrought  and  formed  with  as  much 
care  as  the  combs  of  our  bees,  and  for  the  fame 
ule,  the  production  of  fome  new  fwarm  of  thefe 
infeCts;  I  fhall  go  on  to  the  other  ufes,  which 
have  been  accuflomed  to  be  made  of  thefe  fub- 
Itances. 

The  principal  part  of  the  lacc  is,  as  I  have 
fhewn,  what  is  inclofed  in  the  cells,  and  has  been 
called  by  me  a  fort  of  chryfalis . 

Tho*  it  is  probably  the  leaft  conflderable,  and 
indeed  the  lead  obferved,  yet  it  is  from  this  that 
the  lacc  derives  the  colour  which  renders  it  remark¬ 
able,  and  recommended  itfelf  to  the  firfl:  who 
thought  of  making  that  fine  tinCture  of  it,  which 
has  always  been  molt  efteemed  by  all  people  ;  this 
fpecies  of  chryfalis  taken  from  the  cells,  and  in- 
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fufed  in  water  or  fpirit  of  wine,  gives  thefe  two  li¬ 
quors  as  fine  a  red  colour  as  the  cochineal,  which 
is  at  prefent  ufed  for  the  fined  fcarlet  dyes. 

The  matter  of  the  cells  on  the  contrary  cannot 
communicate  it  to  the  different  liquors,  but  in 
proportion  to  what  it  has  received  from  the  cbry- 
falides ,  as  has  already  been  faid. 

It  is  a  proof  of  what  I  advance,  that  the  cells  of 
the  firft  fpecies  of  lacc,  which  have  hardly  any 
colour,  yield  but  very  little,  or  none  at  all,  in 
different  trials. 

The  mod  edeemed  lacc  for  tindfures  is  that 
which  is  in  branches,  becaufe  it  is  more  furnifhed 
with  animal  parts.  The  mod  red  is  commonly 
chofen. 

According  to  Tavernier's  account,  that  of  the 
kingdom  of  Bengal  is  dearer  upon  the  fpot  than 
that  which  comes  from  the  kingdom  of  Pegu ,  be¬ 
caufe  the  inhabitants  of  Bengal  make  ufe  of  it  for 
the  fine  fcarlet  colour  which  they  give  to  their 
linnen  :  it  is  alfo  carried  into  Perjta  for  the  fame 
purpofes. 

He  informs  us  alfo,  that  the  lacc  of  Pegu  is  the 
lad  edeemed,  becaufe  in  that  country  the  ants  are 
the  mod  negligent,  for  they  depofit  it  in  heaps  on 
the  ground. 

To  obtain  the  red  tindture  of  the  lacc,  accord- 
to  F.  Tachard* s  account,  it  is  feparated  from  the 
branches,  and  beaten  in  a  mortar,  and  throw  it 
into  boiling  water  \  and  when  the  water  is  well 
tinged,  they  throw  on  fome  more  till  it  tinges  no 
longer.  They  evaporate  the  greatcd  part  of  the 
water  in  the  fun.  They  afterwards  put  this  thick 
tindture  in  a  clean  linnen  cloth,  bring  it  near  the 
fire,  and  fqueeze  it  through  the  cloth.  That 
which  paffes  through  fird  is  in  tranfparent  drops. 
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and  is  the  fineft  lacc.  That  which  comes  through 
afterwards  by  a  ftronger  expreffion,  and  which 
they  are  obliged  to  fcrape  with  a  knife,  is  browner, 
and  of  lefs  value.  This  is  the  mod  fimple  prepa¬ 
ration  of  the  lacc,  which  is  only  an  extract  of  the 
red  colour  afforded  by  the  animal  parts. 

This  matter  thus  extra&ed  preierves  the  name 
of  lacc,  and  it  is  from  this  firft  preparation  that 
the  reft,  which  have  been  fince  introduced  by  the 
affiftance  of  art,  take  their  name. 

Thence  come  all  the  laces  or  lakes  ufed  in  paint¬ 
ing,  which  are  dried  paftes,  to  which  the  colour 
of  the  lacc  has  been  given  according  to  the  diffe¬ 
rent  degrees  neceflary  for  the  gradation  of  colours. 
From  this  word  there  has  been  extended  a  great 
number  of  dry  paftes,  or  powders  of  different  co¬ 
lours,  and  tinged  with  very  different  materials. 

We  fee  alfo,  that  of  all  the  red  powders  now 
in  ufe,  we  have  only  the  lacc  of  the  cochineal, 
which  has  changed  its  name  to  that  of  carmine , 
which  is  not  its  true  name,  being  borrowed  from 
the  kermes. 

There  is  a  more  compound  preparation  of  lacc 
made  to  dye  the  Morocco  leathers. 

It  is  probable  that  the  fineft  Morocco  leathers  of 
the  Levant  are  prepared  with  this  material,  tho* 
we  are  not  as  yet  informed  of  it  by  any  relation. 
This  is  certain,  that  thofe  who  prepare  them  in 
France ,  and  have  imitated  the  manufacture  of 
the  Levant  pretty  well,  make  ufe  of  the  lacc  •, 
whether  they  have  been  led  to  it  by  guefs,  or  by 
any  fecret  knowledge  they  have  had  ol  it,  for  they 
have  made  a  lecret  of  it.  I  fhall  mention  what  I 
have  been  able  to  difeover  concerning  it. 

They  choofe  the  flick  lacc  of  the  high  ft  co¬ 
lour,  they  feparate  the  flicks  from  it,  reduce  it 
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to  powder,  and  throw  it  into  boiling  water  with 
fome  prickly  and  light  galls,  fome  allum,  and  a 
little  cochineal.  When  the  tindlure  is  made, 
they  dip  the  goat-fkins  in  it,  after  having  pre¬ 
pared  them  in  a  particular  manner,  which  they 
call  the  confis.  It  is  dipping  the  fkins  to  curry 
them  in  a  bath  made  with  dog’s  dung,  becaufe 
thefe  excrements  are  probably  more  proper  to 
exalt  the  tindlure,  than  the  tan  or  other  like 
drugs.  Thefe  fkins  being  well  wafhed  and  fewed 
double,  that  the  colour  may  take  but  on  one  fide, 
are  fleeped  in  this  tindlure  till  they  are  fufficiently 
coloured,  after  which  they  are  dried,  and  made 
gloffy  with  linfeed  oyl. 

They  treat  the  red  fheep-lkins,  which  are  ma-  / 
nufadlured  at  Limoges ,  after  a  different  manner. 
They  ufe  nothing  to  flain  them,  but  a  common 
lac c  drawn  from  the  Brazil  wood,  without  any 
of  the  flick-lacc. 

The  matter  which  remains  after  the  tindlure  for 
the  Morocco  leathers,  is  in  light,  bloated  lumps, 
of  different  figures,  of  a  red  colour,  more  or  lefs 
deep,  which  the  workmen  call  gravois.  They 
are  ufed  with  other  materials  for  the  common  Spa - 
nijh  wax. 

The  preparation,  which  is  made  of  that  part 
of  the  lacc,  which  forms  the  cells,  ferves  to  manu- 
fadlure  the  flat  lacc,  which  is  a  lacc  melted  and 
cafl  into  broad,  thin,  tranfparent  leaves.  Some  of 
it  is  in  little  flat  bits,  round  on  one  fide,  and  hol¬ 
low  on  the  other,  which  is  called  laque  a  oreille , 
or  ear  lacc,  becaufe  of  its  fhape. 

All  thefe  laces  are  ufed  in  varnifhing,  but  efpe- 
cially  the  flick  lacc,  and  the  flat  lacc. 
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The  analyfis  of  the  Jacc  ferves  alfo  to  confirm 
the  comparifon  that  I  have  made  of  it  with  the 
wax  of  our  hives,  for  we  obtain  much  the  fame 
principles  from  it,  an  acid  fpirit,  and  a  butter,  as 
M.  Lemery  had  obferved.  But  as  the  animal  parts 
contained  in  the  lacc  mud  furnifh  fomething  par¬ 
ticular,  and  as  it  is  not  eafy  to  analy  fize  them  fe- 
parately,  I  have  found  myfelf  obliged,  in  order  to 
obtain  my  end,  to  take  a  fort  of  lacc,  which  be¬ 
ing  reduced  into  grains  after  having  ierved  for 
tindlures,  is  abfolutely  deprived  of  all  the  animal 
parts  that  it  can  contain  *,  and  I  have  obferved  by 
the  analyfis  between  this  feed  lacc,  and  the  ftick 
lacc,  a  difference,  which  juflifies  my  conjedtures 
concerning  the  little  animals  inclofed  in  the  cells  ; 
for  the  acid  fpirit  obtained  from  the  lad  is  mixed 
with  a  volatile  fpirit,  which  only  the  animal  part 
can  furnifh,  as  may  be  eafily  known  from  the 
white  precipitate,  which  relults  from  its  mixture 
with  the  folution  of  the  corrofive  fublimate,  which 
the  acid  fpirit  drawn  from  the  feed-lacc  does  not, 
becaufe  it  contains  none  of  thefe  animal  parts. 

In  obferving  the  animal  parts  contained  in  the 
two  forts  of  lacc,  I  have  been  obliged  to  compare 
them  with  the  other  animal  lubdances  from  which 
the  purple  tindture  is  drawn.  One  of  thefe,  which 
has  been  long  in  ufe,  is  the  kermes,  which  I  may 
rank  among  the  galls,  becaule  it  is  an  excrefcence 
produced  upon  a  tree  by  the  pundture  of  an  in- 
iedt  Kermes  is  an  Arabic  word,  which  fignifies 
worm, and  tho’  we  cannotquedion  but  that  the  ker¬ 
mes  was  known  by  the  antients,  and  in  ufe  among 
them  ;  yet  we  know  confufedly,  that  a  number 
of  different  fubdances,  which  grow  in  different 
countries,  and  upon  feveral  forts  of  trees  and 
plants,  have  alfo  ierved  for  fcarlet  tindlures  *,  but 
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of  all  thefe  fubftances  the  kermes  is  the  only  one 
that  has  hitherto  been  employed  in  our  dyes. 
They  are  little  thick  bladders,  as  round  as  peas, 
fattened  upon  the  ilex  aculeata  cocci  glandifera, 
C.  B.  P.425.  There  is  obferved  in  the  fpring 
upon  the  leaves,  and  young  (hoots  of  this  fhrub, 
a  little  bladder,  which  at  firft  is  no  bigger  than  a 
millet  feed  *,  it  is  caufed  by  the  pundture  of  an  in- 
fedt,  which  there  depofits  its  eggs,  it  grows  in  fen- 
fibly,  and  becomes  of  an  afh-colour  on  its  fur- 
face  ;  this  colour  is  nothing  but  a  fort  of  meal 
fike  that  upon  fruits,  which  hides  their  red  colour. 
The  Greeks  have  called  this  grain  coccos  baphica  ; 
the  Arabians ,  kermes  alkermes  the  Latins ,  coccus 
or  vermiculus ,  whence  we  derive  the  name  of  Ver¬ 
million.  That  of fcarlet ,  which  is  the  moft  in  ufe, 
is  thought  to  come  from  the  antient  Celtic.  When 
this  gall  is  perfectly  ripe,  they  gather  it,  and 
draw  out  the  juice  or  pulp,  by  crufhing  it,  or 
elfe  fprinkle  it  with  vinegar  to  kill  the  infedts  that 
are  inclofed  within.  Without  this  precaution, 
thefe  little  animals  coming  to  hatch,  would  leave 
the  fhells  empty.  They  come  out  like  little  flies, 
fuch  as  drown  themfelves  in  vinegar,  and  other 
odorous  liquors  expofed  to  the  air.  After  having 
examined  thefe  (hells  when  dry,  I  obferved  a 
great  many  of  them  to  be  emp  y,  and  that  thofe 
had  a  hole  at  the  place  where  they  adhered  to  the 
leaf  of  the  tree.  This  fort  of  gall  is  very  light, 
pretty  brittle,  and  of  a  lively  (hining  red  *,  it  is 
covered  with  a  very  thin,  brittle,  membranous 
pellicle,  excepting  the  place  where  it  holds  to  the 
leaf;  for  on  this  fide  it  is  a  little  flatted,  and  we 
perceive  a  round,  white,  flefhy  matter,  which 
ferves  as  a  pedicle  to  the  berry,  and  at  the  fame 
time  as  a  cover  to  hinder  the  air  from  getting  in. 
The  (kin  of  the  berry  makes  at  the  jundture  of 
Vol.V.  N°.46.  D  ■  the 
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the  pedicle  a  fort  of  roll,  which  is  let  into  the  pe¬ 
dicle  :  below  this  firft  lhell  there  is  another  more 
tender,  tho’  thicker,  of  a  red  colour,  which  is 
probably  the  juice  dried,  and  the  pulp  which 
fuftained  the  infedls  contained  therein. 

This  fecond  fhell  contains  2  or  3  cavities, 
which  vary  like  thofe  of  certain  fruits  or  berries. 
The  largeft  is  filled  with  a  dull  like  a  worm-hole. 
There  may  eafily  be  2  colours  obferved  in  it,  the 
white,  and  the  red,  which  is  commonly  called 
J)  aft  el  ddecarlatte^  and  is  ufed  by  the  dyers. 

Upon  viewing  this  powder  with  the  microfcope, 
the  white  parts  feem  to  be  fhaped  like  very  (lender 
horns,  which  in  all  probability  have  ferved  for 
coverings  to  the  infedts. 

In  order  to  obtain  the  better  knowledge  of  the 
principles  of  the  kermes ,  I  have  made  the  analyfis 
of  it.  Befides  the  phlegm,  which  had  the  fmell 
of  the  kermes,  but  anfwered  to  no  trials,  I  have 
obtained  feveral  portions  of  urinous  and  volatile 
liquors,  which  have  not  altered  the  tincture  of  the 
tournefol,  but  have  turned  that  of  violets  and 
rofes  green. 

It  is  remarkable,  that  from  a  pound  of  kermes, 
which  I  put  into  a  retort,  I  obtained  half  an 
ounce  of  a  fine  cryftalli  fed  volatile  fait,  and  the 
value  of  a  dram  or  2  mixed  with  a  yellow  oil. 
The  fetid  oil  was  in  great  abundance  without  be¬ 
ing  black  ;  it  was  of  a  deep  yellow,  and  as  thick 
as  butter.  I  cannot  compare  its  principles  better 
than  to  thole  of  the  filk,  which  was  analyfed  by 
the  late  M.  Tournefort. 

The  kermes  therefore  is  a  fubflance,  which  has 
more  of  the  animal,  than  of  the  vegetable,  or  ra¬ 
ther  which  has  been  entirely  transformed  by  the 
infedl  into  an  animal  fubftance,  as  the  analyfis  de- 
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monftrates,  fmce  it  furnifhes  a  very  great  quantity 
of  volatile  fait,  and  of  very  pure  fulphur. 

As  for  the  ufe  of  the  kermesin  dying,  it  is  noc 
very  confiderable,  and  without  that  in  medicine, 
the  gathering  of  it  would  perhaps  be  neglected, 
and  we  might  perhaps  know  it  only  upon  the  re¬ 
lation  of  thofe  who  had  feen  it  gathered  in  Lan¬ 
guedoc  ^  as  we  have  loft  the  ufe  of  other  fttells  or 
worms,  which  were  formerly  uled,  which  we 
know  at  prefent  only  by  the  account  of  learned 
men  who  have  obferved  them.  This  is  what  has 
happened  to  feveral  other  animal  fubftances, 
which  ferved  alfo  for  the  purple  tinblure,  fuch  as 
the  purple  of  the  antients,  which  M.  de  Reaumur 
has  obferved  and  defcribed,  as  alfo  the  infedts  of 
the  root  of  burnet,  thofe  of  the  maftick-tree,  pel- 
litory,  plantain,  and  knawel,  which  are  found 
in  great  quantity  in  Poland ,  and  feem  to  deferve 
fome  attention. 

This  material  is  a  little  more  known,  becaufe 
it  has  been  obferved  again  in  our  time.  Some 
call  it  Polijh  cochineal ;  it  is  a  fhell  found  at  the 
root  of  this  plant,  which  is  a  fort  of  Alchimilla 
gramineo  folio .  The  peafants  gather  it  in  June  \ 
in  this  fhell  there  is  found  a  red  worm,  the  blood 
of  which  yields  a  fine  tindlure,  which  the  inhabi¬ 
tants  have  often  found  by  the  red  excrements  of 
the  fowls  which  had  eaten  them. 

Thefe  infedls  were  formerly  carefully  gathered, 
and  drowned  in  cold  water,  or  in  oil. 

The  German  ephemerides  fay,  the  Dutch  ufe 
them  ftill  in  dying,  together  with  the  cochineal, 
and  that  they  gather  them  without  injuring  the 
plants.  It  is  done  with  a  fort  of  hollow  trowel 
made  on  purpofe  for  this  ufe,  but  this  inlcdt  is  no 
longer  known  by  the  dyers. 

D  2 
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The  cochineal,  for  the  beauty  of  its  colour,  and 
the  great  quantity  of  it,  which  comes  to  us  from 
America ,  has  in  a  manner  made  ufelefs  all  the 
other  materials,  which  were  formerly  ufed. 

Tho*  it  is  very  common,  yet  the  authors,  who 
have  treated  of  it,  are  divided  about  it.  Some 
have  faid  it  was  an  infed,  and  others,  on  the  con¬ 
trary  have  maintained  that  it  was  a  grain. 

This  diverfity  of  opinions  is  obferved  in  the  firft 
authors  who  have  treated  of  it.  It  is  true,  that 
we  have  had  in  the  laft  place  the  teftimony  of  F. 
Plumier ,  a  very  skilful  botanift,  who  was  of  great 
weight  in  perfuading  us,  that  the  cochineal,  which 
is  called  Mejleque ,  is  nothing  but  a  little  animal 
like  a  bug,  which  is  gathered  upon  an  American 
plant  called  opuntia  major  validijjimis  aculeis  mu- 
tiita ,  Inft.  R,  H.  or  the  Indian-jig  •,  but  on  the  o- 
ther  hand,  Pomet ,  in  his  hiftory  of  drugs,  pre¬ 
tended  that  this  father  was  miftaken,  and  quoted 
the  letters  of  a  friend  of  his,  adually  on  the  fpot, 
who  affirmed,  that  the  cochineal  was  a  feed. 

ThoJ  this  opinion  has  not  been  much  followed* 
yet  I  do  not  know  any  body,  who  has  refuted  it 
exprefsly,  and  removed  the  doubt  which  this  con¬ 
trariety  might  leave. 

One  would  think  the  mecr  infpedion  of  the 
cochineal  would  befufficient  to  terminate  the  dif¬ 
ference,  but  in  the  dried  condition  in  which  it  is 
brought  to  us,  we  difeover  nothing  to  make  us 
lean  either  one  way  or  the  other. 

Having  a  mind  therefore  to  be  better  informed, 
I  put  fome  in  water,  where  it  fwelled  and  acquired 
a  fupplenefs,  and  a  form,  which  can  agree  only 
with  an  infed.  I  could  plainly  difeover  the  head, 
anus ,  rings  and  the  places  of  the  legs  without  the 
help  cfa  microfcope,  I  have  prepared  fome  in 
fuch  a  manner  that  the  legs  might  be  feen  articu¬ 
lated. 
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Uted,  3  on  a  fide  ;  but  I  have  not  perceived  any 
figns  of  wings,  as  fome  have  pretended,  who 
would  have  the  cochineal  to  be  a  fort  of  beetle. 
Upon  opening  fome  ofthebiggett,  there  came  out 
a  red  liquor,  with  a  fort  of  bunch  fattened  to  a 
hollow  canal,  furnilhed  with  little  grains,  which 
being  viewed  through  a  microfcope,  looked  like 
little  cochineal. 

This  configuration  both  internal  and  external 
of  the  parts  of  the  cochineal,  fhews  fufficiently  that 
it  is  really  an  infedt,  as  F.  Plumier  fays,  who  has 
compared  it  juftly  enough  to  a  bug  ;  but  however 
it  is  not  fo  flat,  and  I  believe,  becaufe  of  its  round- 
nefs,  it  is  more  like  thofe  infedts,  that  are  found 
upon  dogs. 

It  is  furprifing,  that  the  cochineal  fhould  draw 
its  fine  red,  from  leaves  that  are  of  a  pale  green  ; 
for  F.  Plumier  obferves  that  thefe  infedts  grow  up¬ 
on  different  forts  of  trees,  but  that  they  never  give 
this  fine  colour,  except  they  are  fed  with  the  leaves 
of  the  opuntia.  How  are  thefe  leaves  able  to  afford 
the  colour  which  they  have  not  themfelvesPTo  rc- 
folve  this  queftion,  we  may  obferve,  that  the  /«- 
dian-fig ,  which  is  the  fruit  of  the  opuntia ,  is  of  fo 
ftrong  a  red  colour,  that  it  even  tinges  the  urine  of 
thofe  who  eat  it,  which  has  fometimes  affrighted 
thofewho  did  not  know  the  caufe  of  it  and  thought 
they  had  voided  pure  blood  ;  we  may  therefore 
conjecture,  that  the  fubftance  of  this  plant  fuffers, 
as  it  paffes  into  the  body  of  this  little  infedt,  the 
fame  alteration,  as  that  which  caufes  the  fame  colour 
in  its  fruit. 

I  have  obferved,  that  there  fattens  upon  the  red 
rofes  a  little  white  worm,  of  the  length  of  4  or  $ 
lines,  with  a  red  head :  its  food,  which  is  the  rofe 
itfelf,  almoft  lofes  its  colour  in  its  ftomach,  which 
is  eafy  to  lee,  becaufe  it  is  tranfparent,  we  perceive 
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only  a  bluifh  colour  in  it ;  if  you  crufh  thefe. 
wprms  upon  paper,  they  leave  a  green  colour,  as 
muft  happen,  becaufe  the  volatile  parts,  and  alka¬ 
line  juices  of  animals  ufe  to  turn  the  juice  of  rofes 
green,  but  this  juice  receiving  a  new  alteration,  at 
the  extremity  of  the  inteftine,  is  the  caufe,  that  the 
excrements  of  thefe  worms,  which  are  found  in 
fmall  grains  like  gunpowder,  have  a  red  colour 
like  rofes,  and  yield  by  means  of  fpirit  of  wine 
afiifted  by  fome  acid  liquors,  the  fame  tintfture  as 
rofes,  and  fuffer  all  the  fame  alterations,  as  turning 
green  by  alkalies,  and  red  with  acids. 

If  the  obfervations  now  related  were  not  fuffici- 
ent  to  prove  that  the  cochineal  is  an  infeft,  th«  ana- 
lyfis,  which  I  have  made,  would  alone  fufficiently 
demonftrate  it :  for  we  draw  from  it  exa&ly  the 
fame  principles  which  the  parts  of  animals  ufe  to 
furnifh  ;  a  phlegm  of  the  fame  fmell  with  that 
which  comes  in  the  diftillation  of  harts-horn,  a 
fpirit  and  volatile  fait  much  in  the  fame  proportion 
as  is  drawn  from  fome  infects,  as  beetles,  and  a 
fetid  oil  of  a  deep  red,  and  pretty  thick. 

Befides  the  ufe  which  is  made  of  the  cochineal 
for  all  the  fine  tintftures,  it  is  alfo  employed  for  the 
carmine,  which  was  formerly  made  with  the  ker - 
mes,  and  is  at  prefent  prepared  with  cochineal,  al- 
lum,  *chouan ,  and  -\autour  boiled  in  water,  they 
gather  the  red  feum,  which  is  the  fine  carmine,  the 
reft  of  the  mafs,  which  has  ftill  a  good  deal  of  co¬ 
lour,  ferves  to  make  the  lacc  or  lake  of  the  painters  *, 
it  ferves  alfo  for  the  fcarlet  tinctures,  which  were 
drawn  from  the  fame  kermes,  but  it  is  by  exalting 
its  colour,  which  is  naturally  purple,  by  means  of 

*  A  little  feed  of  a  greenifh  yellow  colour,  brought  from 
the  Levant. 

f  A  bark  fomething  like  cinnamon,  brought  from  the 
Levant. 
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a  diffolution  of  fine  pewter  in  aqua  forth  regaliz’d 
with  fal  ammoniac . 

The  pewter  on  this  occafion  has  a  very  different 
effe<5t  from  that  which  it  makes  with  the  tindlure 
or  diffolution  of  gold,  fince  a  drop  of  the  folution 
of  pewter  thrown  upon  a  certain  quantity  of  fo¬ 
lution  of  gold,  gives  it  a  fine  purple  colour,  where¬ 
as  here  it  extends  the  purple  colour,  which  the 
cochineal  naturally  has,  to  make  a  very  lively 
red. 

We  fee  by  what  knowledge  we  have  of  the  ma¬ 
terials,  that  have  at  all  times  been  employed  for 
this  precious  tin&ure,  that  they  have  always  been 
taken  from  the  animal  kingdom.  Thofe,  which 
are  furnilhed  by  madder,  fafffower,  brazil-wood, 
and  other  vegetable  fubftances,  have  never  come 
near  it  for  beauty. 

The  firft,  which  was  in  ufe  among  the  ancients, 
was  taken  from  a  fhell-fifh  murcx:  thcTyrians  found 
it  out  by  chance,  if  it  is  true,  as  the  antient  authors 
tell  us,  that  a  dog,  having  devoured  one  of  thefe 
fifhes  on  the  fea  fhoar,  had  his  mouth  ftained  with 
fo  beautiful  a  colour,  that  it  caiifed  admiration  in 
all  that  law  it,  and  an  earneft  defire  of  ufing  it. 

This  tinflure,  more  precious  than  gold  itfelf, 
tho’  it  was  then  fo  rare,  continued  long  in  ufe,  ’till 
they  difcovered,  by  I  know  not  what  accident, 
the  kermes,  afterwards  the  lacc,  and  at  laft  the 
cochineal,  all  of  them  animal  fubftances,  and  the 
only  ones  that  have  been  found,  by  the  experience 
of  fo  many  ages,  to  be  fit  to  give  to  precious  fluffs 
their  greatefl  beauty. 


III. 
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IIJ.  A  juflification  of  the  meafures  of  the  an - 

dents  with  regard  to  geography  3  by  M 
Delifle* 

Tho’  the  meafures  of  countries,  as  they  are  re¬ 
lated  by  the  ancients,  were  very  far  from  truth,  it 
would  always  be  very  curious  to  know  them  ;  but 
I  now  undertake  to  prove,  that  this  enquiry  is  very 
ufeful  and  neceffary,  and  thefe  meafures  being  con¬ 
formable  to  the  truth,  they  muft  ferve  to  correct 
in  feveral  effential  points  the  meafures  of  the  mo¬ 
dern  geographers. 

I  fhall  efbablifh  the  exa&nefs  of  the  ancient  mea¬ 
fures,  by  the  conformity  that  they  have  with  the 
obfervations  of  the  academy.  It  will  without 
doubt  feem  furprifing,  that  the  ancients  have  come 
fo  near  the  truth,  and  that  the  modern  geographers 
on  the  contrary  have  been  fo  far  from  it,  but  I 
hope  to  point  out  the  fource  of  the  error  of  the  one, 
and  the  eafe  that  the  others  had  to  fpeak  more 
juftly  of  the  fituation  and  extent  of  the  countries 
which  they  have  deferibed. 

What  I  advance  has  no  relation  to  thofe  parts  of 
the  earth, which  th ^Romans  knew  but  imperfe&ly, 
but  only  the  countries  with  which  they  were  ac¬ 
quainted,  as  Italy. 

To  make  the  difference  between  the  ancients  and 
moderns  concerning  that  country  appear,  I  have 
here  f  made  a  double  reprefentation  of  it,  in  one 
of  which,  marked  with  faint  lines, I  reprefent  Italy 
according  to  the  opinion  of  moft  of  our  moderns  ; 
and  in  the  other  marked  withftronger  lines,  I  re¬ 
prefent  it  according  to  the  meafures  of  the  ancients, 
conformable,  as  I  have  faid  already,  to  aftrono- 

*  April  j!  1714.  f  Plate  I,  Fig.  1. 
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mical  obfervations,  and  particularly  to  thofe  of  the 
academy. 

To  make  the  differences  between  the  two  opi¬ 
nions  appear  the  plainer,  I  thought  it  neceffary  to 
choofe  a  point,  with  regard  to  which  we  might 
eafily  compare  the  two  hypothefes.  It  was  no  dif¬ 
ficulty  to  determine  upon  the  choice  of  this  point, 
and  we  cannot  take  a  more  favourable  one  than  the 
city  of  Rome  itfelf,  whither  they  came  from  all  the 
parts  of  the  Roman  empire,  and  from  which  they 
fet  out  to  all  the  provinces;  for  it  was  at  Rome , 
that  the  fine  military  ways  began,  which  thei^^- 
ntans  had  caufed  to  be  made  with  fo  much  care  and 
expence,  and  upon  which  they  had  marked  their 
meafures,  which  will  facilitate  the  comparifon  of 
them  with  the  obfervations. 

What  has  remained  ’till  now  of  thefe  ancient 
ways,  fhews  us  that  they  were  generally  fpeaking 
very  ftrait,  as  the  /Ippian  way,  which  ftill  remains 
almoft  entire,  between  Rome  and  Capua ,  tho*  con- 
ftrucfted  above  300  years  before  the  Chrift ian  <era. 

It  crofted  the  Routine  marfhes  in  a  right  line, 
which  had  been  raifed  in  this  place ;  in  other  roads 
they  penetrated  through  mountains,  as  we  ftill  fee 
in  the  place  formerly  called  Intercifa ,  and  now 
SaJJo-forato ,  where  the  Flaminian  way  crofted  the 
Appenine  mountains. 

This  is  a  great  point  in  favour  of  the  ancients, 
for  thefe  ways  being  ftrait  are  much  fitter  to  deter¬ 
mine  the  difhnces  from  one  place  to  another,  than 
the  prefent.  Befides  we  know  the  Romans  mea- 
fured  their  roads,  and  raifed  ftones  at  every  mile, 
or  thoufand  paces ;  and  as  thefe  paces  were  each  of 
them  5  Roman  feet,  they  had  thereby  an  uniform 
meafure  through  the  whole  extent  of  their  domi- 
nions,whereas  now  the  miles  are  of  different  lengths 
in  the  different  parts  of  Italy. 

Vol.  V.  N°.  46.  '  E 
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This  uniformity  of  the  meafures  marked  upon 
roads,  which  came  very  near  to  a  right  line,  has 
not  permitted  me  to  waver  in  the  preference  which 
I  have  given  to  the  ancients  j  but  before  we  make 
ufe  of  thel'e  meafures,  we  muft  be  fure  of  their  va¬ 
lue  with  regard  to  fome  known  magnitude. 

The  moderns  have  fuppofed  the  ancient  mile  to 
be  equal  to  a  minute  of  latitude,  as  the  common 
mile  of  Italy  now  is,  60  of  which  make  a  degree. 

But  having  compared  the  diftances  fet  down  by 
the  ancients  in  miles,  between  feveral  cities  ofwhich 
we  know  the  modern  name,  with  thole  of  the  fame 
cities  determined  in  toifes  by  the  moftexa<5t  geo¬ 
metrical  methods,  thefe  comparifons  joined  with 
the  meafure  of  the  earth  by  the  academy,  always 
give  for  each  degree  of  latitude  75  of  thefe  ancient 
miles  inftead  of  60,  as  I  hope  to  fhew  more  parti¬ 
cularly,  when  I  relate  thefe  geometrical  operations. 

It  follows  from  thence,  that  the  ancient  mile  was 
lefs  than  the  modern,  and  that  tho*  even  this  laft 
was  uniform  through  all  Italy,  which  it  is  not, 
the  diftances  of  the  towns  related  by  the  ancients 
could  not  be  the  fame  as  thofe  which  are  now  au¬ 
thorized  by  cuftom  ;  and  this  has  led  moft  of  our 
moderns  into  miftakes,  who  not  knowing  fuffici- 
ently  the  real  magnitude  of  the  ancient  miles,  have 
unluckily  corrected  an  exad:  and  uniform  meafure 
by  a  very  unequal  and  uncertain  one.  Among  o- 
thers  Cluverius ,  one  of  our  moft  famous  geogra¬ 
phers,  who  has  given  us  fo  ample  and  fo  particular 
a  work  on  the  ancient  Italy,  which  Holjlenius  and 
Cellar  ills  have  hardly  been  able  to  improve  ;  Clu¬ 
verius  I  fay,  has  made  no  difficulty  to  take  up  the 
ancient  diftances  in  feveral  places,  and  to  regulate 
them  by  the  modern. 

Theobfervations  of  the  academy  made  at  Rome 
and  at  Florence,  have  given  us  the  true  fttuation  of 

thefe 


Royal  Academy  ^Sciences.  27 

thefe  two  places  both  in  longitude  and  latitude. 
This  fituation  is  very  different  from  what  the  mo¬ 
derns  fuppofed  ;  the  difference  of  the  meridians  be¬ 
tween  thefe  two  cities  is  found  to  be  lefs  by  45  than 
they  thought,  and  on  the  contrary  their  difference 
in  latitude  is  found  to  be  more  by  20  ;  and  yet  the 
diftance  between  thefe  two  cities  in  both  hypothefes 
is  the  fame  ;  but  as  the  moderns  fuppofe  that  the 
degree  contained  60  ancient  miles  inftead  of  75, 
they  cannot  bring  to  an  agreement  therewith  the 
distances  of  the  road  named  Via-Caffia ,  which  led 
from  Rome  to  Florence  ;  they  are  therefore  obliged 
to  alter  the  diftances,  and  when  Strabo ,  lib.  5. 
lays  the  city  of  Arezzo  is  at  1000 ftadia^  or  120 
miles  from  Rome  toward  mount  Appennine ,  Clu- 
<verius  would  have  us  believe,  that  this  diftance 
muft  betaken  from  mount  Appenine^  and  not  from 
the  very  city  of  Arezzo  ;  whereas  by  our  meafure 
of  the  ancient  miles  reduced  to  their  value,  we  ex¬ 
plain  this  paffage  of  Strabo ,  and  the  ancient  iti¬ 
neraries  ftridly,  which  fhews  their  exadnefs  and 
conformity  with  the  obfervations  of  the  academy. 

The  moderns  have  not  explained  the  ancients 
better  in  the  defcription  which  they  have  made  of 
the  famous  Appian  way,  which  was  faid  to  have 
been  continued  by  Caius  Coefar  from  Capua  to 
Brunduftum.  Strabo  fays  this  laft  city  was  diftant 
from  Rome  by  this  road  360  miles,  thus  tho’  Clu- 
verius  places  between  thefe  two  cities  almoft  the 
lame  difference  in  longitude  as  refults  from  the  ob¬ 
fervations,  yet  this  author,  not  being  able  to  make 
\m  hypo  thefts  of  the  meafures  agree  with  this  diftance 
related  by  Strabo ,  nor  with  thofe  of  the  ancient 
itineraries,  has  altered  them  f,  that  is,  fo  far  as 
his  meafure  differed  from  the  true  one. 

It  is  upon  the  fame  principles,  that  Cluveriusy 
who  betides  his  learning,  had  the  advantage  of 
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feeing  with  his  own  eyes  the  countries  in  queftion, 
having  found  in  the  town  of  Polla  in  the  king¬ 
dom  of  Naples ,  an  infcription  which  related  the 
diftances  of  this  branch  of  the  Appian  way,  which 
leads  to  Regio ,  and  finding  thefe  diftances  oppo- 
fite  to  the  notion  he  had  formed  of  the  meafures  of 
the  ancients,  endeavoured  to  render  this  infcription 
fufpe&ed,  tho’  it  appeared  very  authentic  to  Hsl- 
ftenius ,  who  faw  it  as  well  as  he.  The  words  are 
viam  feci  ab  Regio  ad  Capuam,&  in  ea  via  pontes 
omnes ,  milliarios ,  tabellariofque  pofivi,  hincce 
funt  Nuceriam  millia  quinquaginta  unum ,  Capuam 
odioginta  quatuor.  And  fo  of  the  other  places  of 
this  road,  the  diftances  of  which  are  marked,  and 
thefe  diftances,  of  which  the  greateft  part  are  con¬ 
firmed  by  the  itinerary  of  the  emperor  Antoninus , 
concur  with  the  fituation  of  this  country,  by  re¬ 
ducing,  as  I  have  done,  the  ancient  miles  to  their 
true  value. 

The  moderns  have  not  only  been  miftaken, 
when  they  have  endeavoured  to  contradid:  the 
ancients,  but  they  have  alfo  explained  them  amifs, 
when  they  have  attempted  to  follow  them.  Lom¬ 
bardy,  which  anfwers  for  the  moft  part  to  the 
country  called  by  the  ancients  Gallia  togata , 
is  crofted  in  a  right  line  by  the  famous  Emilian  way 
and  by  other  roads,  of  which  the  diftances  are 
marked,  not  only  in  the  Lheodofian  table,  which 
is  the  only  geographical  map  remaining  of  anti¬ 
quity,  but  alfo  in  the  itinerary  of  Antoninus,  and 
of  that  from  Bourdeaux  to  Jerufalcm,  of  which  the 
author  is  not  known.  The  moderns  have  endea¬ 
voured  to  follow  in  thefe  places  the  diftances  of  the 
ancients,  but  they  have  fallen  into  another  incon¬ 
venience  ;  for  regulating  by  thefe  diftances  the 
longitudes  of  the  cities  by  the  falfe  notion  they  had 
of  the  ancient  meafures,  they  have  given  too  great 
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an  extent  to  this  country  with  regard  to  the  cir¬ 
cumference  of  the  earth,  putting  5?  25'  in  longi¬ 
tude  from  Nice  to  Bologna y  whereas  by  the  obfer- 
vations  made  at  thefe  two  cities  by  the  academy, 
there  are  but  4^  1 3',  which  is  f  lefs  ;  and  as  we 
have  fhewn  that  the  ancient  mile  was  f  lefs  than  the 
moderns  fuppofe  it,  it  is  plain  that  this  important 
correction  of  the  length  of  Lombardy ,  founded  up¬ 
on  the  obfervations  of  the  academy,  returns  per¬ 
fectly  to  the  meafures  of  the  ancients,  contrary  to 
the  opinion  of  the  moderns. 

It  follows  frofri  thence,  that  the  extent  of  the 
fame  country  from  N.  to  S.  which  the  moderns 
have  alfo  regulated  after  their  manner  by  the  an¬ 
cient  meafures,  muft  be  f  fmaller  by  the  obfer¬ 
vations,  if  it  is  true  as  I  have  advanced,  that  thefe 
obfervations  are  conformable  to  the  meafures  of 
the  ancients.  M.  Cafihii  has  obferved  the  latitude 
of  Genoa  to  be  44^  2  5',  and  M,  Petit  that  of  46?, 
io'  at  Lrabona  in  the  Vallis  Lellina ,  and  the  refult 
of  thefe  two  obfervations  gives  alfo  \  lefs  between 
the  parallels  of  thefe  two  cities,  which  is  exa&ly 
what  the  moderns  have  afiigned  too  much.  We 
may  fee  by  the  map,  that  the  fituation  of  Genoa 
given  by  the  obfervations  is  very  far  from  that 
which  the  moderns  affign  it*,  but  how  extraordinary 
foever  this  correction  may  appear,  it  appears  ftiil 
more  furprifing,  that  the  meafures  of  the  ancients 
fhould  fquare  with  it,  and  that  our  modern  authors 
have  departed  fo  far  from  it. 

The  third  fault  of  the  moderns  is,  their  not 
having  had,  as  it  feems,  any  regard  in  certain 
points  to  the  meafures  of  the  ancients ;  and  this 
fault  is  fuch,  that  whereas  the  former  made  them 
extend  certain  countries  too  much,  this  on  the 
contrary  has  made  them  contraCl  others  too  much. 
We  may  fee  by  the  map,  that  the  diflance  from 
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Rome  to  the  Adriatic-fea  is  much  greater  accord¬ 
ing  to  the  obfervations,  than  according  to  the  mo¬ 
derns.  The  academy  has  not  had  an  opportuni¬ 
ty  of  obferving  in  the  neighbourhood  of  this  fea, 
but  F.  Viva  has  obferved  the  height  of  the  pole 
at  Loretto  to  be  43  degrees,  42  minutes,  and  the 
geometrical  operations  of  F.  Riccioli ,  rectified  by 
the  obfervations  of  the  academy,  give  us  the  lon¬ 
gitude  and  latitude  of  Ravenna ,  as  it  is  marked 
in  my  map. 

The  Romans  had  caufed  3  fine  roads  to  be  made, 
leading  from  Rome  to  this  lea.  The  Flaminian  way 
the  length  of  which  was  185  miles,  according  to 
Antoninus ,  to  the  city  of  Fano^  formerly  called  Fa- 
num  Fortune.  The  fecond  road  was  the  Salanan 
way,  fo  called  from  the  fait  which  was  bi  ought 
along  it.  This  road,  after  havirg  paffed  a  place 
then  called  ad  centefimum ,  becaufe  it  was  at  the 
1  ooth  ftone,  or  100  miles  from  Rome ,  ended  at 
32  miles  from  thence,  at  the  city  of  Truentum  on 
the  fame  fea.  Laftly,  the  third  road  was  the  Va¬ 
lerian  way,  upon  which  Antoninus  reckons  1 40 
miles  to  the  mouth  of  the  river  Aternus .  The  di- 
ftances,  which  agree  fo  well  with  the  refult  of  the 
obfervations  above  related,  differ  throughout 
about  45  miles  from  thofe  of  our  moderns,  and 
confequently  prove  them  to  be  miftaken. 

The  obfervations  favour  alfo  a  palfige  in  Pliny , 
which  could  not  be  explained  in  the  hypothecs  of 
the  modern  geographers.  This  author  (peaking 
of  the  different  breadths  of  Italy ,  from  one  fea  to 
the  other,  fays,  that  the  city  of  OJiia ,  at  the 
mouth  of  the  Tyler ,  is  farther  from  the  Adriatic - 
fea ,  than  the  port  of  Alfium ,  on  the  Tufcan  coaft. 
The  moderns  falfly  fuppofe,  that  the  coaft  between 
the  mouths  of  the  Tyber  and  of  Alfium ,  runs  to  the 
weft  i  thus  receding  more  and  more  from  the 
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Adriatic  fea.  But  by  making  this  coaft  run  to¬ 
ward  the  north,  as  I  have  done,  the  paftage  of 
Pliny  is  literally  explained.  And  it  is  not  at  random 
that  I  have  thus  marked  it,  for  it  is  found  the  fame 
in  the  exabt  lurvey,  that  has  been  made  at  Rome  of 
th zAnnonian  lands ;  and  this  correction  is  alfo  con¬ 
firmed  in  the  grofs  by  an  obfervation,  which  M. 
Chazelles  has  made  at  Civita  Veccbia ,  which  is  fi- 
tuated  on  the  fame  coaft  *,  for  he  has  found  by 
this  obfervation,  that  this  city  was  13' more  to  the 
north  than  Rome ,  whereas  the  moderns  make  it 
8'  more  to  the  fouth. 

I  could  prove  by  a  great  many  other  examples, 
the  conformity  between  the  obfervations  of  the 
academy,  and  the  meafures  of  the  ancients,  and 
iuftify  them  with  regard  to  feveral  miftakes  that 
have  been  falfely  alcribed  to  them  ;  but  as  this 
would  draw  the  prefent  difcourfe  into  too  great  a 
length,  I  fhall  content  myfelf  with  adding  fome 
examples,  which  fhew,  that  where  obfervations 
are  wanting,  we  may  venture  to  ufe  the  meafures 
of  the  antients. 

The  fituation  of  Carthage  fhall  be  the  firft  of 
thefe  examples;  and  it  is  fo  much  the  more  confi- 
derable,  as  inftead  of  20  leagues  in  100,  to  which 
the  former  errors  at  moft  amounted,  this  is  100 
leagues  in  220. 

The  modern  authors  make  90  leagues  from  Li - 
lyb<£um ,  a  promontory  of  Sicily ,  to  the  city  of 
Carthage ,  and  60  from  the  cape  of  Mercury  in 
Africa ,  to  the  fame  promontory.  But  I  find  in 
the  itinerary  of  Antoninus ,  that  from  the  ifland 
called  Maritima  near  Lilybaum ,  to  the  cape  of 
Mercury ,  the  diftance  is  but  700  Jiadia.  Now 
this  diftance  is  fmailer  by  f  than  what  the  mo¬ 
derns  fuppofe  6etween  Sicily  and  Africa  \  and  it 
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is  confirmed  in  general  by  the  obfervations  of  the 
academy.  For  tho’  there  is  no  immediate  obfer- 
vation  in  thefe  2  terms,  that  of  F.  Feuillee ,  at  TW- 
poly,  in  Barbary ,  and  that  of  M.  de  Chazelles , 
at  Lrapano,  near  Lilybaum,  fhew,  that  the  coafts 
of  Africa ,  and  confequently  the  city  of  Carthage , 
which  was  there  fituated,  are  3  degrees  more  to 
the  north,  and  that  they  are  much  nearer  to  Si* 
cilyy  than  the  moderns  fuppofe. 

Befides  the  Tailors  agree,  that  from  cape  Bona , 
which  is  the  modern  name  of  the  cape  of  Mercury , 
to  Lilybaum ,  there  are  but  19  or  20  fea- leagues, 
which  amount  to  the  700  ftadia  of  Antoninus . 

This  excefiive  error  of  the  moderns,  contrary 
to  the  opinion  of  the  anticnts,  in  the  fituation  of 
fo  famous  a  city  as  Carthage ,  is  again  very  vifi- 
ble,  by  the  difiance  between  the  ifland  Sardinia , 
and  Africa,  related  in  the  fame  itinerary  of  An¬ 
toninus .  He  makes  from  Cagliari ,  the  capital  of 
Sardinia,  to  Carthage,  only  1500  ftadia.  Now 
this  difiance  valued  in  miles  and  leagues,  is  lefs  by 
half  than  what  the.  moderns  fuppofe  ;  and  this 
proof  is  fo  much  the  more  conclusive  for  the  fitu¬ 
ation  of  Carthage ,  as  we  have  two  obfervations 
from  F.  Bcuillee  at  the  fouth  coafi:  of  Sardinia , 
where  Cagliari  is  fituated,  and  as  thefe  obferva¬ 
tions  determine  the  latitude  of  it. 

Strabo ,  Solinus ,  and  Valerius  Maximus,  relate, 
that  there  was  a  man,  during  the  Funic  wars, 
whofe  fight  was  fo  good  and  fo  long,  that  from 
an  eminence  near  the  cape  of  Lilybaum,  he  counted 
all  the  veffels,  that  failed  from  the  port  of  Car¬ 
thage,  and  gave  notice  thereof  to  the  inhabitants 
of  the  city  of  Lilybaum. 

Should  we  fuppofe,  as  the  moderns  infinuate, 
that  this  man  faw  the  velfels  only  at  the  cape  of 
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Mercury ,  which  is  near  to  Sicily ,  they  could  not 
explain  this  paflage  •,  for  feeing  they  fuppofe,  as  I 
have  already  faid,  60  leagues  between  cape  Lily - 
bteum  and  the  cape  of  Mercury, \t  is  not  only  proba¬ 
ble  that  a  man  could  diftinguifh  vefiels  at  fo  great 
a  diftance ;  but  even  had  his  eye  fight  been  good 
enough,  the  roundnefs  of  the  earth  would  have 
concealed  thefe  objedfs  from  him. 

But  the  fabt  related  by  thefe  authors  of  this 
long  fighted  man  of  Lilybaum ,  no  longer  appears 
fo  incredible  by  the  reduction  of  this  diftance  of 
60  leagues  to  that  of  20,  and  we  might  admit 
this  fingularicy  with  more  eafe  ;  but  I  do  not  infill 
upon  it. 

Here  is  another  effential  difference,  wherein  the 
moderns  are  equally  miftaken  by  departing  from 
the  ancients.  Pliny ,  lib .  iii,  cap.  ii,  fays,  that 
the  city  of  Otranto  is  feparated  from  the  coaft  of 
Greece  only  by  a  (freight  of  50  miles  in  breadth, 
and  that  Pyrrhus ,  king  of  Epirus ,  had 
thoughts  of  building  a  bridge  over  it,  when  he 
was  called  thither  by  the  Earentines ,  to  make  war 
againft  the  Romans,  but  that  he  was  diverted  from 
doing  it  by  other  cares. 

I  do  not  pretend  to  juftify  the  poffibility  of  the 
defign  of  this  ambitious  and  vifionary  prince,  I 
(hall  only  endeavour  to  eftablifti  the  breadth  of 
this  (freight  according  to  the  antients,  and  to 
(hew,  contrary  to  the  opinion  of  the  moderns,  that 
this  diftance  is  the  true  one. 

The  itinerary  of  Antoninus  makes  400  fiadia 
between  Otranto  and  the  ifland  of  Safina ,  on  the 
Grecian  coaft.  Thefe  400  ftadia  valued  in  miles, 
make  juft  the  50  miles  which  Pliny  reckons  be¬ 
tween  the  2  lands. 
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We  have  no  obfirvations  in  thefe  places,4  but 
for  want  of  them  I  have  had  r.courfe  to  the  charts, 
the  didances  of  which  are  fo  much  the  more  exa6t, 
as  they  have  been  fet  down  on  the  relation  of  an 
infinite  number  of  pilots.  Tilde  charts  agree  in 
the  diftance  of  12  fea-leagucs  between  the  city  of 
Otranto  and  Safina ;  and  this  diftance  perfectly 
agrees  with  that  which  Pliny  tlnd  Anicninus  mark 
between  thefe  2  lands ;  and  yet  our  moderns  make 
this  fpace  as  great  again.  Thus  we  may  truly 
fay,  that  the  meafures  of  the  antients  may  judly 
be  ufed  to  bring  our  knowledge  to  perfection  ; 
efpecially  as  thefe  meafures  agree  with  what  we 
have,  that  is  bed  and  mod  certain.  I  fhall  con¬ 
clude  with  a  comparifon  of  the  eadern  and  fou- 
thern  part  of  Italy,  called  by  the  ancients  Magna 
Gracia.)  with  Greece  properly  fo  called. 

The  Greeks  had  fenc  fo  great  a  number  of  colo¬ 
nies  into  this  part  of  Italy ,  that  it  was  called 
Greece ,  as  well  as  the  country,  which  had  bom 
that  name  in  all  ages.  But  the  moderns  com¬ 
paring  the  extent  of  this  country  with  that  of 
Greece  properly  fo  called,  which  contained  Achaia , 
Peloponefus ,  and  Tbejfaly ,  fancied  the  name  of 
Magna  Gracia  to  agree  better  with  this  ancient 
Greece ,  which  was  larger  than  the  other  according 
to  their  hypothecs.  Thefe  moderns  therefore,  and 
Cellarius  among  the  red,  not  knowing  how  to  ex¬ 
plain  the  ancients  in  this  particular,  aferibe  this 
.  pretended  error  of  the  ancients  to  the  vanity  of 
the  Greeks ,  but  I  fhall  fhew  they  are  judifitd  by 
the  obfervations. 

F.  Feuill'ee ,  in  concert  with  the  gentlemen  of 
the  obfervatory,  has  obferved  the  heights  of  the 
pole,  and  the  longitudes  of  Thejfalonia ,  Milo,  and 
Candia .  I  have  alfo  collected  the  obfervations  of 
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Mr.  Vernon ,  an  Englifh  gentleman  at  Lacedaemon, 
Athens ,  Thebes,  Corinth ,  Chalcis ,  and  other  places 
It  refulcs  from  all  thefe  obfervations,  that  the 
length  which  before  had  been  given  to  Greece , 
properly  fo  called,  as  well  as  its  breadth,  exceed¬ 
ed  the  truth  by  feveral  degrees,  fo  that  this  coun¬ 
try  is  found  to  be  lefs  by  {■  than  was  fuppofed,  as 
may  be  leen  by  the  map,  where  this  country  ap¬ 
pears  by  the  obfervations,  lefs  than  that  which  was 
called  Magna  Gracia,  conformably  to  the  idea 
which  the  ancients  have  give;  us  ,of  it. 

I  could  alfojuftity,  by  the  mcafures  of  the  an¬ 
cients,  this  extent  of  the  ancient  Greece ,  fo  diffe¬ 
rent  from  thatswliich  has  at  prefect  been  given  it; 
and  to  fhew  the  conformity  of  the  meafures  of  the 
Greeks  with  the  obfervations,  as  I  have  alfo 
proved  the  agreement  of  thefe  obfervations  with 
the  meafures  of  the  Romans ,  but  the  difcuffion  of 
this  deferves  a  particular  differtation.  It  is  fuffi- 
cient  for  me  here  to  have  jufeified  the  idea,  which 
the  ancient  Greeks  have  given  us  of  this  part  of 
Italy ,  to  which  they  fent  colonies,  and  that  it  was 
not  out  of  vanity  that  they  called  it  Magna ,  or 

Great ,  fince  this  name  is  founded  upon  truth. 

♦ 

IV.  Obfervations  to  determine  the  difference 
between  Paris  and  Leyden,  and  between 
Paris  and  Upfal  5  by  M.  Maraldi*. 

M.  Sombac  has  made  at  Leyden  fome  obferva¬ 
tions  on  the  eclipfes  of  the  fuellites  of  Jupiter , 
‘which  being  compared  with  thofe  made  at  the 
fame  time  at  Paris ,  (hew  the  difference  of  the 
meridians  between  thefe  2  cities,  and  the  meridian 
height  of  the  lion’s  heart,  which  he  has  obferved, 

*  July  n,  1714. 
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ferves  to  determine  the  height  of  the  pole  at  Ley¬ 
den. 

To  know  the  true  hour  of  the  eclipfes  of  the 
fatellites  of  Jupiter ,  M.  Sombac  has  made  feveral 
days  fuccelfively  with  a  pendulum  of  feconds,  the 
obfervations  of  the  paffage  of  the  lion’s  heart 
over  the  meridian,  which  being  compared  toge¬ 
ther,  fhew,  that  the  pendulum  was  regulated  by  the 
mean  motion.  The  fame  obfervations  added  to 
the  right  afcenfion  of  the  lion’s  heart,  and  to  that 
of  the  fun  for  each  day,  give  the  date  of  the 
clock  with  regard  to  the  true  hour. 

Thefe  are  the  particulars  which  we  have  received 
April  3,  i  707,  the  lion’s  heart  palled  over  the  me¬ 
ridian  at  911  6'  52"  by  the  clock,  its  meridian 
height  being  51 0  14'  40".  M.  Sombac  obferves, 
that  after  this  obfervation  there  happened  lome  ac¬ 
cident  to  the  needle  of  the  feconds. 

April  4,  the  fun  arrived  at  the  meridian,  the 
clock  pointing  I2h  3'  16 ",  and  the  evening  of  the 
fame  day  the  lion’s  heart  palled  over  the  meridian 
at  91  2'  58".  To  find  the  true  hour  of  this  paf- 
fage,  we  have  calculated  the  right  afcenfion  of  the 
fun  for  9 1  at  Leyden  13°  16'  30",'  which  being 
compared  with  the  right  afcenfion  of  the  lion’s  heart 
148°  1 1'  35//,  will  give  the  difference  of  the  right 
afcenfion  1340  55'  5 7 j  this  difference  converted 
into  hours  at  the  rate  of  150  for  an  hour,  makes 
8n  59'  40",  the  true  hour  of  the  paffage  of  the 
lion’s  heart  over  the  meridian.  This  hour  being 
compared  with  that  obferved,  which  is  91  2'  58'', 
we  fhall  have  for  difference  3'  18",  which  the  penr 
dulum  anticipated  with  regard  to  the  true  hour  j 
which  agrees  with  the  obfervation  of  the  fun  made 
at  the  meridian  the  fame  day  by  M.  Sombac . 

April  5,  M.  Sombac  obferved  the  emerfion  of 
the  firft  fatellite  of  Jupiter  at  2h  37'  16"  in  the 
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morning,  at  which  time  the  pendulum  accelerated 
3'  5;'  with  regard  to  the  true  hour  *,  which  being 
fubftra&ed  from  2'1  37'  16"  gives  the  true 
hour  of  the  emerfion  at  211  34  11  .  As  this  ec- 
lipfe  could  not  be  obferved  at  Paris ,  we  fhall  com- 
paretwo  others,whichwere obferved  at  both  places. 

April  13,  at  Leyden ,  the  heart  of  the  lion  palled 
over  the  meridian  at  8h  27'  22".  By  the  right  af- 
cenfion  of  the  fun  compared  with  that  of  the  lion’s 
heart,  we  have  calculated  the  hour  of  this  palTage 
at  8h  27/,  therefore  the  clock  anticipated  22"  with 
regard  to  the  true  hour.  The  fame  day  M.  Sombac 
obierved  exactly  the  emerfion  of  the  fir  ft  fatellite 
of  Jupiter  at  ioh  57'  20".  The  next  day  April 
14  he  obferved  the  lion’s  heart  at  the  meridian,  at 
8  23  27  ;  but  by  the  aftronomical  calculation  the 
true  hour  of  this  palTage  ought  to  be  at  8  2  3 ;  2 1;/. 
Therefore  the  clock  anticipated  6 "  with  regard  to 
the  true  time.  We  have  found  that  the  preceding 
day,  April  13,  the  anticipation  of  the  clock  with 
regard  to  the  true  time  was  22 ",  therefore  the 
clock  lofes  i67/  in  a  day,  with  regard  to  the  true 
time,  which  is  at  the  rate  of  1"  in  an  hour  and  a 
half*,  from  the  hour  of  the  palTage  of  the  lion’s 
heart  obferved  April  13,  to  the  hour  of  the  emer¬ 
fion,  there  are  2  30',  in  which  time  the  clock  has 
loft  2J/  with  regard  to  the  true  hour ;  but  we  have 
found  the  anticipation  of  the  clock  2  2/;at  the  hour  of  » 
the  palTage  of  the  lion’s  heart,  therefore  at  the  hour 
of  the  emerfion  the  anticipation  of  the  clock  with 
regard  to  the  true  hour  was  20 ",  which  being  fub- 
ftrabted  from  the  hour  of  the  emerfion  obferved  the 
1 3th, at  io‘ 57' 20//gives  the  true  hour  of  the  emer- 
fion  at  Leyden  for  10  57'.  It  was  obferved  the  fame 
day  at  Paris  at  10  48'  4",  the  difference  of  the 
meridians  is  S'  56"  of  time,  which  make  iQ  14/, 
by  which  Leyden  is  more  eaftward  than  Paris. 

April 
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April  29  the  paffage  of  the  lion’s  heart  over  the 
meridian  was  obferved  at  71  24'  16"  ;  and  by  the 
calculation  it  fhould  be  at  7h  27'  3  o'',  therefore  the 
clock  was  3'  14  too  How  with  regard  to  the  true 
hour,  which  being  added  to  the  hour  of  the  emer- 
fion  obferved  at  Leyden ,  the  fame  day  at  9'1  i6'i5" 
gives  the  true  hour  of  the  emerlion  at  9  19'  29"; 
it  was  obferved  at  Paris  at  9 1  io;  2o//,  the  diffe¬ 
rence  of  the  meridians  is  9  7"  which  make  2°i 
by  which  Leyden  is  more  eaftward  than  Paris . 
By  the  preceding  obfervation  it  amounts  to  20 
14',  which  we  had  better  keep  to,  becaufe  M. 
Sombac  marks  this  more  exactly  than  the  laft. 
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We  have  an  obfervation  of  the  eclipfe  of  the 
moon  made  at  Upfal^O  Holer  21,1706.  This  city 
is  in  Sweden ,  1 2  leagues  from  Stockholm  towards 
the  N.  W.  the  obfervation  was  made  with  a  clock 
with  feconds  regulated  at  the  noon  of  the  day  pre¬ 
ceding  the  ecliple,  during  which  the  sky  was  con¬ 
tinually  clear.  For  the  fpots,  the  obferver,  whofe 
name  we  could  not  know,  made  ufe  of  the  deno¬ 
mination  which  has  been  marked  by  Hevelius ,  and 
he  ufed  a  telcfcope  of  3  feet.  Thit  is  the  obfervation 
juft  as  we  received  it. 
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h  / 

7  12  Initium  umbra. 

7  20  Sinus  porpbyrites  immergitiir, 

7  40  FEtna  mons . 

7  48  Palus  Mas otis. 

8  8  Afortf  JEgyptium. 

9  4  JEtna  emergit. 

9  23  Propontis  infula. 

938  Lotus pontus  Euxinus. 

948  Palus  Mceotis  emergit. 

9  50  Finns  umbra. 

Comparing  the  beginning  with  the  end  of  this 
eclipfe,  we  have  its  duration  2h  38',  and  the  mid¬ 
dle  at  8 1  3 1'.  We  could  not  make  the  obfervation 
of  this  eclipfe  at  Paris ,  becaufe  the  heavens  were 
not  favourable  ;  and  we  have  no  obfervation  of 
its  beginning  from  any  place,  the  sky  not  being 
clear  ’till  towards  the  end,  where  a  part  of  this 
eclipfe  was  obferved.  We  fhall  therefore  compare 
the  Upfal  obfervations  with  thofe  which  were  made 
at  Marfeilles ,  by  M.  Chazelles  and  F.  Laval > 
which  are  related  in  the  memoirs  of  1706. 

At  9  4'  at  Upfal  slptna  emerges;  this  fpot  is 
that  which  Riccioli  calls  Copernicus ;  it  entirely 
emerged  at  Marfeilles  at  811  6  21"  therefore  the 
difference  of  the  meridians  between  Upfal  and 
Marfeilles  is  57' 

At  9  48/  at  Upfal  the  whole  Palus  Mceotis  em- 
merges  ;  this  fpot  is  what  is  called  the  Cafpian. 
By  the  obfervation  at  Marfeilles  this  whole  fpot 
emmerged  at  8’  50'  16";  therefore  the  difference 
of  the  meridians  between  Upfal  and  Marfeilles  is 
57'  44" ;  by  which  Upfal  is  more  eaftward  than 
Marfeilles. 

The  end  of  the  eclipfe  was  obferved  at  Up¬ 
fal  at  9  501  ;  at  Marfeilles  it  was  obferved  at  81 
52/  16'',  the  difference  of  the  meridians  is  57'  44", 

by 
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by  which  Upfal  fhould  be  more  eaftward  than 
Marfeilles.  Thefe  3  different  companions  agree 
in  giving  the  fame  difference  of  the  meridians 
within  about  5". 

By  a  great  number  of  obfervations,  we  have 
found  the  difference  of  the  meridians  between  the 
obfervatory  and  Marfeilles  12'  3  o'',  which  added 
to  57'  44",  the  difference  between  Marfeilles  and 
Upfal ,  we  fhall  have  ih  io'  14'' for  the  difference 
of  the  meridians  between  Paris  and  Upfal  which 
make  170  33'  30"  by  which  Upfal  is  more  eaft¬ 
ward  than  P  ris. 

This  obfervation  added  to  others,  which  have 
been  made  near  the  Baltick  fea,  will  ferve  to  de¬ 
termine  a  part  of  its  different  finuofities. 

V.  Obfervations  on  a  very  lingular  fpecies 

of  aquatic-worm ,  by  M.  de  Reaumur*'  ; 

translated  by  Mr.  Chambers. 

It  is  no  wonder  the  worm  I  am  about  to  fpeak 
of  fhould  hitherto  have  efcaped  the  obfervation 
of  naturalifts,  as  being  rare,  very  fmall,  and  at 
firft  fight  prefenting  nothing  very  extraordinary, 
yet  upon  a  nearer  infpeflion  we  find  it  highly  de- 
fervingof  feme  attention,  the  fmalleft  infeeft  comes 
from  the  fame  hand  as  the  largeft  animals,  and  all 
equally  bear  the  character  of  the  great  maker. 

Our  water- worm  is  not  above  7  or  8  lines  in 
length,  and  yet  feems  to  make  a  clafs  of  itfelf,  at 
Jeaft  we  know  of  no  clafs  of  animals  under  which 
it  may  be  ranged.  Terreftrial  animals  live  on  the 
land,  aquatics  in  water,  and  the  amphibious  kind 
fometimes  on  land,  and  fometimes  in  water.  In  this 
the  2  extremities  of  the  body  are  aquatic,  its  head 
and  tail  being  always  in  water  ;  yet  the  reft  ol  its 
*  June  20  1714, 
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body  always  on  land  to  conceive  how  this  may* 
be  its  figure,  muft  be  defcribed. 

Like  feveral  other  infedts  it  confiffs  of  annuli y 
eleven  whereof  are  told  between  the  head  and  the 
tail,  all  of  them  nearly  fpherical,  and  reprefenting 
beads  of  a  chaplet,  ftrung  one  clofe  to  another. 
The  infedt  is  almoft  always  bent  or  folded  in  two, 
like  a  fiphon,  one  of  its  parts  being  longer  than 
the  other,  yet  almoft  parallel  thereto,  fo  that  the 
head  and  tail  are  always  near  together.  The  part 
between  the  bend  and  the  head  is  fhorter  than  that 
between  the  fame  bend  and  the  tail,  yet  the  angle 
of  flexure  ufually  falls  upon  the  6th  annulus ,  but 
the  5  annuli  towards  the  tail  are  larger  than  the 
other  5  towards  the  head. 

’Tisonly  its  head,  tail,  and  the  annulus  next  the 
tail,  that  are  conftantly  in  water  ;  the  9  other 
annuli ,  or  at  lead  7  of  them,  are  upon  land  ;  ac¬ 
cordingly  the  infedt  always  refidesat  the  brink  of 
ftill  waters,  a  turbulent  water  by  no  means  fuiting 
it.  As  foon  as  the  water  covers  it  a  little  further 
than  as  above-mentioned,  it  grows  un£afy,  and 
gets  further  off* :  on  the  contrary,  if  the  water 
leave  lefs  of  it  covered,  it  immediately  draws 
nearer. 

The  worm  not  being  above  8  lines  long,  this 
obfervation  would  be  difficult  to  make  when  it  is 
on  the  brink  of  a  large  water.  Accordingly  it  was 
by  examining  it  in  cups  or  glaffes  of  water, 
that  I  made  the  difcovery.  I  found  it  always 
faftened  to  the  pa rietes  of  the  veffel  in  fuch  man¬ 
ner,  that  its  head  and  tail  were  in  the  water,  and 
the  reft  of  its  body  out  of  it ;  and  when  by  in¬ 
clining  the  veffel  on  one  fide,  I  obliged  the  water 
to  cover  more,  the  animal  inftantly  drew  back, 
with  all  the  expedition  poffible  ;  and  when  inclin- 
Vol.  Y.  N°.  47.  G  ing 
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ing  the  veftel  a  contrary  way,  the  water  relinquifh- 
ed  it  to  run  eagerly  in  purfuit  thereof. 

Indeed  it  was  its  way  of  walking,  or  creeping, 
that  Brit  gave  me  occafion  to  examine  it  more 
clofely,  as  teeming  to  deferve  a  place  among  the 
progrdfive  motions  of  water  animals  already 
treated  of  in  feveral  memoirs.  In  its  natural  way 
of  walking,  it  is  the  middle  of  its  body  that  goes 
firft  towards  the  place  it  is  bound  for,  that  is,  the 
fixth  annulus  is  the  foremoft,  and  like  the  head  in 
quadrupeds,  leads  up  the  reft  of  the  body.  In  a 
word,  the  worm  when  walking,  remains  bent, 
like  a  fiphon  *,  and  it  is  the  annulus  in  the  mid¬ 
dle  of  the  bend  that  goes  foremoft  ;  nor  does  it 
advance  thus  by  a  vermicular  motion,  but  as  legs, 
though  fmall  ones  indeed,  and  fuch  as  are  fcarce 
vifible  without  a  magnifier. 

Its  legs  are  in  eftedl  one  of  its  fingularities  ; 
they  grow  from  its  back,  that  is,  from  the  fide 
oppofite  to  its  belly,  taking  its  belly  after  the 
lame  manner  as  in  caterpillars,  millepedes ,  and 
other  infedls,  which  bear  a  refemblance  to  this  in 
figure,  viz.  for  the  fide  towards  which  are  its 
apertures  of  the  anus  and  mouth  and  to  which 
the  head  is  ufually  inclined.  Hence  it  follows, 
that  this  infedt  conftanily  lies  on  its  back,  as  others 
do  on  their  belly,  and  that  its  mouth  looks  up¬ 
wards  *,  this  Jaft  circumftance  is  not  peculiar  to  it, 
there  being  feveral  other  fpecies  of  water  infedls 
and  flies,  that  fwim  on  their  back,  as  being  to 
live  upon  infedls  which  fwim  or  walk  on  the  fur- 
faceof  the  wafer.  And  it  will  hereafter  appear, 
that  there  was  a  like  reafon  for  its  mouth  being 
always  upwards.  But  to  return  to  its  legs : 

There  are  ten  of  thefe  placed  by  two  and  two 
upon  each  annulus ,  between  the  6th  annulus  and 
li  -  head  we  onlv  find  four,  but  thefe  are  bigger 

than 
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than  the  fix  other;  the  two  firft  are  towards  the 
extremity  of  the  third  annulus ,  and  the  two  others 
towards  that  of  the  fourth  or  beginning  of  the 

O  .  O 

fifth,  the  third  pair  is  towards  the  beginning  of  the 
eighth  annulus ,  the  fourth  pair  on  the  ninth,  and 
the  fifth  on  the  tenth  ;  thefe  legs  are  all  very  fhorr, 
nearly  refembling  the  hind  legs  of  caterpillars,  or 
thofe  of  filk- worms,  and  having  their  extremities 
like  them  furnifhed  with  a  kind  of  hooks  or 
claws. 

The  four  fir  ft  legs,  that  is,  thofe  between  the 
head  and  fixth  annulus ,  are  inclined  towards  the 
head,  and  the  reft  towards  the  tail :  hence  when 
the  animal  is  folded  in  two,  its  legs  though  diffe¬ 
rently  inclined  with  regard  to  its  head,  are  all  tur¬ 
ned  the  fame  way,  and  difpofed  in  the  fame  man¬ 
ner  with  regard  to  the  fixth  annulus  ;  and  confe- 
quently  may  all  concur  to  make  this  annulus  ad¬ 
vance  towards  a  certain  point  ;  as  the  legs  of  other 
animals  make  their  head  advance. 

’Tis  eafy  to  conceive,  how  thefe  legs  whofe 
extremities  are  turned  towards  the  head  and  tail  of 
the  worm,  ferve  to  make  it  move  ;  it  need  only 
ftretch  its  legs  backwards  or  towards  the  middle 
annulus T  and  then  thruft  itfelf  on  by  their  means, 
and  it  will  walk  forwards ;  if  it  would  go  back¬ 
wards  or  make  its  head  and  tail  go  foremoft,  its 
legs  are  of  no  ufe,  nor  has  it  any  thing  to  truft  to 
in  this  cafe,  but  its  vermicular  motion,  for  which 
reafon  it  rarely  moves  in  this  manner. 

B Tides  the  motions  above  mentioned,  it  can 
execute  two  others  by  means  of  its  legs ;  it  can 
move  Tideways,  by  reafon  the  legs  are  not  only 
moveable  forwards  and  backwards,  but  like  wife 
from  right  to  left,  and  from  left  to  right,  thele 
two  motions  it  fometimes  makes  ufe  of3  when  it 
would  go  to  places  very  near  at  hand. 

G  2 
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When  immerged  intirely  in  water  itdretches  it- 
felf  out  at  full  length,  and  fwims  like  other  worms 
bending  and  waving  its  body  various  ways. 

But  it  never  feems  to  commit  itfelf  to  full  water 
unlefs  when  forced  thereto,  and  in  that  cafe  quickly 
gets  to  the  fide  and  lodges  itfelf  there,  with  its 
mouth  upwards  ;  the  mouth  is  furrounded  with 
four  little  hooks  like  thofe  of  predacious  infeCts, 
and  from  its  middle  arife  two  other  little  parts  in 
the  manner  of  tufts ;  the  animal  is  continually  agi¬ 
tating  thefe  little  tufts,  fometimes  lengthning,  then 
contracting  them,  now  moving  them  to  the  right, 
and  then  to  the  left,  by  which  agitation  the  water 
is  kept  in  motion  *,  it  alfo  feems  as  if  it  attracted 
the  water  fomewhat  after  the  manner  of  refpiration*, 
at  lead  this  is  certain,  that  while  its  tufts  are  thus 
agitated,  the  little  bodies  floating  in  the  water  come 
from  afar  off  and  run  into  its  mouth,  which  is 
the  dratagem  it  makes  ufe  of  to  feed  itfelf ;  when 
it  has  attraCled  fome  little  body  which  it  judges  a 
proper  food  it  ftretches  out  its  head  feizes  it  gree¬ 
dily  and  fwallows  it  down.  I  have  feen  it  catch  in¬ 
feCts  fo  furprizingly  fmall,  as  fcarce  to  be  vifible 
with  an  excellent  magnifier,  after  this  manner  tho5 
all  it  can  take  this  way  be  very  little,  yet  it  eats  a 
great  deal  in  proportion  to  its  bulk,  one  little  bo¬ 
dy  or  other  being  continually  entringits  mouth, 
the  greated  part  of  them  we  may  fuppofe  are  not 
proper  food,  accordingly  we  frequently  find  it 
cafling  out  excrements,  at  leafl  there  is  a  vifible 
difcharge  of  pretty  confident  greenifh  filaments, 
through  an  aperture  near  its  tail.  Its  belly  is 
browner  than  its  back,  and  the  annuli  in  this  part 
have  a  circular  line  furrounded  with  hairs,  like 
thofe  at  the  apertures  of  the  trachea  in  fome  ter- 
redial  infects,  and  ’tis  not  improbable  but  this 
may  likewife  breath  an  air. 


The 


Royal  Academy  of  Sciences.  45 

The  annuli  have  no  fuch  line  on  the  back,  but 
are  white,  tranfparent  and  fort,  and  let  us  fee  feveral 
motions  carried  on  in  its  body  *,  near  its  anus9  is  a 
circular  tube  wlvch  alternatively  removes  from  and 
approaches  to  the  anus ,  like  the  pifton  of  a  fyringe, 
when  after  fwelling  more  than  ordinary  the  worm 
flattens  again,  its  excrements  may  be  feen  to  iffue 
forth  •,  I  fhould  have  been  inclined  to  fuppofethat 
by  this  motion  it  drew  in  the  water,  but  could 
never  fee  any  enter  but  by  the  mouth  ;  there  is  a 
flmilar  motion  about  the  third  annulus ,  in  a  tube 
which  feems  to  be  a  continuation  of  the  former, 
and  *tis  probable  the  heart  of  the  animal  is  placed 

hereabout - But  this  is  enough  for  fuch  a 

diminutive  infect,  which  furnifhes  us  with  the  firft 
inftance  of  a  creature,  which  naturally  lives  with 
its  head  and  tail  in  water,  and  the  reft:  of  its  body 
on  land,  which  has  its  legs  on  its  back,  and  which 
walks  with  the  middle  of  its  body  foremoft,  aso- 
ther  animals  do  with  their  head  foremoft. 

VI.  Reflexions  on  fome  new  obfervations  on 
the  tides  made  in  the  port  of  Breft;  by 
M.  Caffini*. 

The  obfervations  on  the  tides,  which  have  hi¬ 
therto  been  made  in  various  ports  of  France ,  have 
(hewn  us  what  relation  there  is  between  the  motions 
of  the  moon  and  thole  of  the  fea  ;  all  the  inequa¬ 
lities  obferved  in  this  planet  upon  the  fea  feem  to 
be  reprefented,  and  notwithftanding  the  agitation 
in  which  it  is  continually  found  by  the  impulfe  of 
winds  againft  the  coafts,  the  direction  of  which  re¬ 
flects  its  waters  different  ways,  yet  we  always  find 
in  its  motion  a  period  following  the  different  fitu- 
ations  of  the  moon  with  regard  to  the  earth. 

*  Auguft  4,  1714. 

It 
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It  ft  ill  remained  to  explain  fomeof  thefe  inequa¬ 
lities,  which  at  firft  feemed  fufceptible  of  no  rule, 
but  we  have  fince  found}  that  we  might  af- 
cribe  them  to  the  action  of  the  fun,  fo  that 
the  different  combinations  of  the  motion  of 
thefe  two  planets,  and  of  their  fituation  towards 
each  other  and  with  regard  to  the  earth,  produce 
moft  of  the  varieties  obferved  in  the  tides. 

As  for  the  fun  it  finifhes  its  courfe  in  a  year, 
after  which  the  inequalities  found  in  its  motion 
return  nearly  in  the  fame  order.  Its  apogeum  moves 
very  (lowly,  fo  that  the  diredtion  of  its  orb  does 
not  vary  fenfibly  in  feveral  years.  It  is  not  the 
fame  with  the  motions  of  the  moon  •,  its  revolu¬ 
tion  is  much  quicker  than  that  of  the  fun,  and  it  is 
fubjedl  to  a  much  greater  number  of  inequalities. 
Its  apogeum,  and  confequently  the  direction  of 
its  orb,  vary  confiderably  in  the  fpace  of  a  year  ; 
its  nodes  or  the  interfedlion  of  its  orb  with  the 
ecliptic  have  alfo  a  motion  the  contrary  way, which 
produces  in  its  fituation  with  regard  to  the  earth 
fome  varieties,  which  cannot  be  obferved  but  in 
a  long  feriesof  years.  It  was  important  therefore 
to  have  a  great  number  of  obfervations  of  the  tides 
fuch  as  we  have  hitherto  had,  for  which  we  are 
indebted  to  the  orders  of  M  Je  Comte  de  Font  char - 
train. 

In  the  interval  contained  between  thefe  lad  ob¬ 
fervations,  there  are  25  new  and  full  moons,  and 
a  like  number  of  quadratures,  and  they  have  ob- 
ferved  the  tides  of  two  equinoxes  and  two  fol- 
ftices.  But  before  we  examine  them  it  mud  be  ob¬ 
ferved,  that  (un-dial  hitherto  ufed  at  Brefl  to 
regulate  the  pendulum,  did  not  mark  the  noon  ex¬ 
actly,  and  that  M.  Conbard ,  profeflbr  of  hydro¬ 
graphy  in  this  pore,  having  drawn  a  meridian  line 
with  a  great  deal  of  care,  had  found  that  it  advan¬ 
ced  1 
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cedupon  thet  rue  hour  i/jwhich  muft  be  fubftraft- 
ed  from  all  the  obfervations  that  have  been  fentus. 

This  difference,  which  is  pretty  confiderabJe, 
changes  the  mean  hour  of  high-water,  which  we 
had  determined  at  Breft ,  inthe  new  and  full  moons, 
at  3h  45',  and  in  the  quadratures  at  8h  57';  but  it 
caufes  no  variation  in  the  method  that  we  had  gi¬ 
ven,  to  determine  the  height  of  the  fullfea,  nor  in 
the  progreilion  with  which  the  tides  increafe  or  di- 
minifh.  For  if  we  fubftradt  17'  from  thefe  times, 
thus  determined,  we  fhall  have  the  mean  time  of 
the  full  fea  at  Breft ,  in  the  new  and  full  moons  at 
3h  28',  or  3h  I,  and  in  the  quadratures  at  8h  40'  ; 
and  fuppofmg  the  rule,  which  has  been  prefcribed 
in  the  lafl:  memoirs,  we  fhall  find  the  true  time  of 
the  full  fea  in  all  the  phafes  of  the  moon  with  as 
much  exadtnefs  as  has  been  done  hitherto. 

For  example;  June  8,  1 713,  the  day  of  the 
full  moon,  which  happened  at  6h2i  P.  M.  the 
full  fea  in  the  morning  was  obferved  at  2 53', 
corrected  time,  which  is  one  of  thofe  that  hap¬ 
pened  the  fooneft  in  the  fpace  of  three  years.  Sup- 
pofing  the  mean  time  of  the  full  fea  a  1  Breft  at  3h 
I,  we  fhall  find  that  this  full  fea  muft  have 
happened  at  3h  in  the  morning,  within  about  7' 
of  the  obfervation. 

In  like  manner,  Dec.  2,  1713,  the  day  of  the 
full  moon,  which  happened  at  3h  3 o'  in  the  morn¬ 
ing,  the  full  fea  of  the  evening  was  obferved  at 
4h,  corrected  time.  It  fhould  have  happened  ac¬ 
cording  to  the  rule  at  3h  54',  within  about  6'  of 
the  obfervation. 

In  thefe  two  examples  the  calculation  of  the 
tides  agree  with  the  obfervation  within  about  6  or 
7/,  which  is  but  an  inconfiderable  difference,  and 

may 
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may  eafily  be  afcribed  to  the  difficulty  of  determin¬ 
ing  exactly  the  hour  of  the  full  fea.  It  is  true,  there 
are  fome  obfervadons,  which  differ  more  from 
the  calculation  ;  but  thefe  apparent  inequalities 
are  neverthelefs  fufceptible  of  lome  rules,  for  we 
obferve,  that  when  the  tides  are  very  great,  the 
full  fea  happens  early,  and  anticipates  the  calcula¬ 
tion  ;  and  that  quite  contrary  it  happens  Jater,  and 
retards  with  regard  to  the  calculation,  when  the 
tides  are  very  fmall. 

For  example,  Jan.  11,  1713,  the  day  of  th£ 
full  moon,  the  height  of  the  full  fea  was  obferved 
15  feet,  10  inches,  6  lines,  one  of  the  fmalleft 
that  has  been  obferved  ;  alfo  the  time  of  the  fea 
happened  at  3*  46'  in  the  evening,  later  by  2 & 
than  according  to  the  calculation. 

On  the  contrary,  Feb.  14,  1714,  the  day  of  the 
new  moon,  the  height  of  the  full  fea  was  ob¬ 
ferved  in  the  morning,  1 8  feet  5  inches,  one  of 
the  greateft  that  has  been  obferved;  alfo  the  time 
of  the  full  fea  happened  at  2h  58',  10  minutes 
fooner  than  according  to  the  calculation.  It  is  the 
fame  with  molt  of  the  other  obfervations,  fo  that 
we  may  ufe  an  equation  to  correct  the  times  of  the 
tides,  according  to  which  they  ought  to  be  great¬ 
er  or  lefs,  and  find  the  hour  of  the  full  fea  with 
more  exa&nefs  than  had  hitherto  been  done. 

We  fhall  here  obferve,  that  in  Sept.  1713,  the 
full  moon  being  marked  in  the  connoijfance  de? 
temps ,  and  in  the  ephemerides  of  Beaulieu ,  the  5th 
at  5  P.  M.  the  height  of  the  morning  tide  was 
calculated  for  that  day  at  311  4',  37'  fooner  than  ac¬ 
cording  to  the  obfervation  ;  and  that  of  the  evening 
at  3^  2$',  40'  fooner  than  what  had  been  obferved. 
This  difference,  which  was  greater  than  any  of 
thofe  which  we  had  obferved,  made  us  curious  to 

cal- 
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calculate  the  true  time  of  the  full  moon,  and  we 
found,  that  it  ought  to  happen  Sept.  4,  at  5  in  the 
evening,  a  day  looner  than  had  been  marked  ;  fo 
that  on  this  occafion  the  tides  have  ferved  to  difco- 
ver  the  error  which  had  Aid  into  the  calculation  of 
one  phafe  of  the  moon. 

With  regard  to  the  time  of  the  full  fea  in  the 
quadratures,  we  (hall  find  it  in  the  fame  manner 
as  in  the  fyzygies,  tho*  with  a  little  lefs  exadtnefs. 
For  April  1 7,  1713,  the  day  of  the  laft  quarter, 
which  is  marked  at  9'1  40',  P.  M.  the  full  fea  in 
the  morning  happened  at  8  h  i\  which  is  one  of 
thofe  that  has  been  obferved  the  fooneft.  Suppo- 
fmg  the  mean  time  of  the  full  fea  at  Breft , 
in  the  quadratures  at  8h4o',  we  (hall  find  that  it 
muff:  have  have  happened  according  to  the  calcu¬ 
lation  at  8  1  7',  6'  later  than  what  was  obferved. 

May  1 7  following,  the  day  of  the  laft  quarter, 
which  is  marked  at  311  1 1 '  in  the  morning,  the  full 
fea  happened  at  91  51',  P.  M.  it  ought  to  have 
happened  according  to  the  calculation  at  9h  24',  fo 
that  the  time  of  this  tide  is  found  reprefented  by 
means  of  this  rule,  with  a  difference  only  of  27', 
inftead  of  an  hour,  and  1 1  minutes,  that  there  was 
between  the  mean  time  of  the  full  fea  in  the  qua¬ 
dratures  and  the  obfervation. 

The  mean  time  of  the  full  fea  being  at  Breft , 
in  the  Jyzygie  at  311  30',  and  in  the  quadratures  at 
8h  40',  it  follows,  that  the  fum  of  the  retardations 
of  the  tide  from  the  new  and  full  moons  to  the 
quadratures  is  5h  10',  lefs  by  ih  40',  than  the  fum 
of  the  retardations  of  the  tides  from  the  quadra¬ 
tures  to  the  fyzygie,  which  is  61  50'.  This  phe¬ 
nomenon,  which  we  had  firft  obferved  at  Dunkirk 
;and  Havre ,  and  afterwards  at  Breft ,  appeared  to 
us  till  now  very  difficult  to  explain.  However,  I 
ithink  we  may  eafily  give  the  following  reafon  for 
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it,  according  to  the  received  principles  of  all  the 
philofophers. 

We  fuppofe,  that  the  greater  the  effort  is  with 
which  bodies  are  moved,  the  greater  is  their  velo¬ 
city. This  is  manifeft  in  folid  bodies,  and  we  fee  the 
effects  of  it  alfo  in  fluids,  fuch  as  the  waves  of  the 
fea,  which  the  more  they  are  agitated  by  the  wind, 
move  with  greater  impetuofity,  by  increafing  in 
bulk  at  the  fame  time.  It  follows  from  thence, 
that  the  greatefl  tides,  which  are  caufed  by  a 
greater  preflure,  muff:  happen  fooner,  and  that 
the  retardations  from  one  day  to  another,  muff:  be 
lefs  than  in  the  fmall  tides,  when  the  fea  is  agitated 
by  a  lefs  ftrong  preflure.  That  is  really  obferved, 
conformably  to  what  we  have  remarked,  that  in 
th t  fyzygia^  when  the  tides  are  greatefl,  the  full 
fea  happens  earlier,  and  the  retardation  from  one 
day  to  another  is  lefs  than  toward  the  quadratures, 
when  the  tides  are  fmalleft. 

Thence  it  refults,  that  the  fum  of  the  retarda^j 
tions  of  the  tides  from  one  fyzygia  to  the  next  qua¬ 
drature  muff:  be  lefs  than  the  fum  of  the  retardations 
from  this  quadrature  to  the  following  fyzygia.  For 
if  we  confider,  that  the  times  of  the  greatefl  tides 
always  happen  in  the  interval  contained  between 
the  fyzygia  and  the  quadrature,  and  that  the  time 
of  theleafl  tides  always  happens  from  the  quadra¬ 
ture  to  the  next  fyzygia*  we  fhall  find,  that  from 
the  fyzygi#  to  the  quadratures,  the  tides  one  with 
another  are  greater  than  from  the  quadratures  to 
the  fyzygi#  •,  and  that  fo  the  fum  of  the  retarda¬ 
tions  of  the  tides  which  are,  as  has  been  faid  al¬ 
ready,  in  a  reciprocal  ratio  of  the  heights,  muff 
be  Jefs  from  the  fyzygia  to  the  next  quadrature, 
than  from  this  quadrature  to  the  following  fyzygia^ 
according  to  experience.  This  will  be  made  plain 
by  an  example. 

April 
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April  io,  1713,  the  day  of  the  full  moon,  the 
height  of  the  full  lea  was  obferved  in  the  evening 
16  feet,  9  inches,  8  lines.  It  was  the  nth,  17 
feet,  1  inch*,  the  12th,  17  feet,  3  inches  ;  the 
13th,  17  feet,  2  inches;  the  14th,  16  feet,  4 
inches;  the  15th,  14  feet;  and  the  1 6th,  1 4  feet, 

3  inches.  The  fum  of  all  the  heights  of  thefe 
tides  to  the  quadrature,  is  1 1 2  feet,  1 1  inches. 

April  1 7,  the  day  of  the  Jaft  quarter,  the  height 
of  the  full  lea  was  obferved  in  the  evening,  13 
feet,  6  inches,  8  lines.  It  was  the  1 8th,  13  feet, 

1  inch;  the  19th,  13  feet,  8  inches;  the  20th, 
13  feet,  5  inches;  the  21  It,  14  feet,  7  inches  ; 
the  2 2d,  15  feet,  4  inches;  and  the  23d,  16  feet, 
7  inches.  The  fum  of  the  heights  of  all  thefe 
tides  to  the  new  moon  of  April  24,  is  100  feet, 
3  inches,  lefs  by  12  feet,  8  inches,  than  from  the 
full  moon  to  the  quadrature,  and  confequently  the 
fum  of  the  retardations  of  the  tides,  from  the  full 
moon  of  April  10,  1713,  to  April  17,  the  day 
of  the  Lift  quarter,  muft  have  been  lefs  than  from 
the  laft  quarter  to  the  new  moon  of  April  24,  ac¬ 
cording  to  experience,  the  retardation  of  the  full 
fea  having  been  obferved  to  be  5  hours,  18  mi¬ 
nutes,  from  April  10  to  17,  and  6  hours,  35  mi¬ 
nutes,  from  the  17th  to  the  24th. 

It  appears  therefore,  that  the  difference  be¬ 
tween  the  retardations  of  the  tides,  from  the  fyzy- 
gia  to  the  quadratures,  and  t he  retardations  of  the 
tides  from  the  quadratures  to  the  fyzygia ,  proceed 
from  the  terms  of  the  greateft  and  lead  tides  not 
happening  in  the  fyzygia^  nor  in  the  quadratures, 
but  commonly  1  or  2  days  after,  which  has  been 
found  in  almoft  all  the  obfervations,  and  appears 
to  be  a  proof,  that  the  moon  is  the  principle  and 
caufe  of  the  tides.  For  this  perfect  correfpondence 
between  the  motions  of  the  moon,  and  thole  of 
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the  Tea,  cannot  be  produced,  but  by  fome  mo¬ 
tion  in  the  earth,  which  is  the  principle  of  the 
motions  of  the  moon,  or  by  fome  other  unknown 
caufe,  which  at  the  fame  time  has  an  influence  on 
the  earth,  and  on  the  moon,  or  laftly  by  the  pref- 
fure  of  the  moon.  If  the  tides  were  produced  by 
fome  motion  of  the  earth,  the  effect  would  make 
itfelf  firfb  be  felt  on  the  fea,  and  afterwards  com¬ 
municate  itfelf  to  the  moon,  thus  the  great  and 
fmall  tides,  and  all  the  phenomena  depending 
thereon,  far  from  following  the  phafes  of  the 
moon,  ought  to  precede  them,  which  is  contrary 
to  experience.  If  it  was  one  and  the  fame  caufe, 
which  acts  at  the  fame  time  upon  the  moon,  and 
upon  the  fea,  the  times  of  the  tides  would  be  in 
concert  with  the  motions  of  the  moon,  and  the 
different  alterations  therein  obferved,  would  be 
perceived  at  the  fame  time  with  the  different  phafes 
of  this  planet. 

It  remains  therefore  to  conclude,  that  it  is  the 
moon  which  is  the  principle  of  the  motion  of  the 
tides,  flnce  the  preffure  which  it  caufes,  is  not 
perceived  in  the  inftant,  but  fome  time  afterwards, 
according  to  the  ordinary  laws  of  the  motion  which 
is  communicated  from  one  body  to  another,  by 
the  fucceflion  of  time. 

.  To  return  to  our  obfervations,  we  obferve  in 
thefe  as  well  as  in  the  preceding,  that  the  diffe¬ 
rent  diflances  of  the  moon  from  the  earth  contri¬ 
bute  greatly  to  the  different  heights  of  the  tides, 
and  this  caufe  is  fo  conftant,  that  of  above  140  ob¬ 
fervations  both  in  the  fyzygies  and  in  the  quadra¬ 
tures,  that  we  have  examined,  there  is  not  a  Angle 
one  that  has  varied  from  it. 

For  example,  July  22,  1713,  the  day  of  the 
new  moon,  this  planet  being  then  near  its  apogeuw , 
ard  its  diftance  from  the  earth  1064  parts,  of 

which 
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which  the  mean  is  1000,  the  height  of  the  full 
fea  was  obferved  16  feet  1  inch,  and  July  25  in  the 
evening,  the  day  of  the  greateft  tide,  it  was  found 
to  be  16  feet  9  inches,  which  is  one  of  the  fnral- 
left  that  has  been  obferved  at  Brcft.  Auguft  6, 
the  day  of  the  full  moon,  this  planet  being  very 
near  its  perigeum ,  and  its  diftance  from  the  earth 
935,  the  height  of  the  full  fea  was  obferved  to 
be  19  feet  6  inches,  and  the  next  day  in  the  evening 
the  day  of  the  greateft  tide,  20  feet  9  inches,  great¬ 
er  by  3  feet  5  inches  than  in  the  preceding  obfer- 
vation. 

We  find  by  the  fame  reafon,  that  when  the  dif- 
tancesof  the  moon  from  the  earth  are  nearly  equal 
between  themfelves,  the  great  tines  of  the  new  and 
full  moons  are  alfo  of  the  fame  height.  For  ex¬ 
ample,  April  10,  1713,  the  day  of  the  full  moon, 
the  diftance  of  the  moon  from  the  earth  being 
1004,  as  well  as  April  24,  the  day  of  the  new 
rnoon,  they  found  April  12,  the  height  of  the 
greateft  tide  to  be  17  feet  3  inches ;  and  April  25, 
17  feet  4  inches,  with  a  difference  only  of  one 
inch  between  the  obfervations  of  April  12  and  25. 

This  inequality  of  height  in  the  tides  caufed  by 
the  different  diftance  of  the  moon  from  the  earth, 
is  not  the  only  one  obferved  *,  for  we  have  already 
remarked,  that  the  nearer  the  moon  was  to  the  e- 
quinodbial,  the  greater  were  the  tides,  and  that 
they  diminifhed  in  height  in  proportion  as  its  de¬ 
clination  increafed.  March  15,  1714,  the  day  of 
the  full  moon,  this  planet  being  near  the  equi¬ 
noctial,  and  its  diftance  from  the  earth  939,  they 
obferved  on  the  17th  in  the  morning,  the  height 
of  the  greateft:  tide  to  be  19  feet  9  inches  6  lines 
above  the  fixt  point,  and  that  of  the  low- water  3 
feet  6  inches  below  this  point,  fo  that  the  elevation 
of  the  tide  that  day  was  23  feet  3  inches  6  lines, 
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which  is  one  of  the  greateft  that  has  been  at  Breft-, 
whereas  July  8,  1713,  the  day  of  the  full  moon, 
its  declination  being  21  degrees  S.  and  its  difiance 
from  the  earth  939,  the  fame  exactly  as  in  the  ob- 
fervation  of  March  15,  1714,  the  elevation  of  the 
tide  was  obferved  Juy  9,  the  day  of  the  greateft 
tide,  20  feet  5  inches  8  lines,  lefs  by  near  3  feet, 
than  March  17  of  the  following  year. 

In  examining  all  the  circumftances  of  the  obfer- 
vation  of  March  17,  we  find  the  fun  was  then  ve¬ 
ry  near  the  equator,  its  fouthern  declination  being 
but  2  degrees ;  fo  that  three  caufes  concurred  to 
the  height  of  this  tide,  namely  the  diftance  of  the 
earth  from  the  moon,  which  was  then  near  its  pc- 
rigeum ,  and  the  fituation  of  the  fun  as  well  as  that 
of  the  moon  with  regard  to  the  equinoctial,  from 
which  thefe  2  planets  declined  a  few  degrees.  It 
is  true  that  the  fun  was  not  then  in  its  perigeum , 
its  diftance  from  the  earth  being  996  parts,  of 
which  the  mean  is  1000,  but  as  the  excentricity 
of  the  orb  of  the  fun  is  very  fmall,  the  effect  of 
the  diftance  of  the  fun  from  the  earth,  which  was 
greater  only  7-7  than  when  it  is  in  its perigeum  > 
could  not  be  very  fenfible  upon  the  tides,  nor  con- 
fiderably  diminifh  the  greatnefs  of  them  *,  for  it 
muft  be  obftrved,  that  the  fun  in  its  apogeum  is 
near  the  fummer  folftice  with  a  fouthern  declina¬ 
tion  *,  that  towards  the  equinoxes,  it  is  almoft  in 
its  mean  diftance  without  declination,  and  that  in 
the  winter  folftice  it  is  near  its  perigeum  with  a 
northern  declination  •,  the  effect  of  1  lie  fun  upon 
the  tides  muft  therefore  be  the  leaft  that  is  pofiible 
toward  the  fummer  folftice.  It  muft  therefore  be 
greater  toward  the  winter  folftice,  becaufe  it  is  in  its 
perigeui but  as  the  declination  of  the  fun  is  then 
very  great,  and  as  the  aClion  which  rciulrs from 
its  different  declinations  is  ftronger  than  that  which 
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is  caufed  by  the  different  diftances  of  the  fun 
from  the  earth,  the  effect  upon  the  tides  mull 
be  lefs  than  towards  the  equinoxes,  when  the 
fun  is  almoft  in  the  mean  diftances  without 
declination.  Thus  the  tide  of  March  17,  this 
year  fhould  be  very  great,  conformably  to  the 
obfervation. 

It  follows  from  what  we  have  juft  related,  that 
the  tides  of  the  fyz>ygi<e  muft  be  the  leaft,  when  the 
fun  and  moon  are  near  their  apogeum ,  and  that 
thefe  two  planets  are  at  the  fame  time  in  their 
greateft  declination  with  regard  to  the  equinotflial, 
which  is  conformable  to  experience.  For  June 
22,  1713,  the  day  of  the  new  moon,  the  dis¬ 
tance  of  the  moon  from  the  earth  being  1055, 
and  its  northern  declination  23  degrees;  the  fun 
being  alfo  in  its  apogeum ,  with  a  northern  de¬ 
clination  of  23  \  degrees,  they  obferved  June 
23  and  24  in  the  evening,  the  height  of  the 
greateft  tide  J5  feet  10  inches,  which  is  one 
of  the  loweft  that  has  been  obferved  at  Breft. 
It  is  to  be  obferved,  that  June  22,  the  day  of  the 
new  moon,  the  height  of  the  full  fea  was  obferved 
in  the  morning  to  be  15  feet,  at  night  15  feet  8 
inches,  lower  than  it  was  fometimes  found  on  the 
day  of  the  quadratures,  when  the  tides  are  the 
fmalleft  ;  which  fhews  how  important  it  is  to 
know  the  rules  of  the  different  heights  of  the  tides, 
for  want  of  which  the  pilots  might  fall  into  the  in¬ 
convenience  of  fometimes  finding;  the  height  ofthe 
tides  fmaller  in  the  Jyzygi^e  than  in  the  quadra¬ 
tures,  and  running  againft  the  coafts,  and  in  dif¬ 
ferent  parts  of  the  lea  where  there  are  banks  of 
fand. 

We  have  already  obferved,  that  the  declination 
of  the  moon  caufed  alfo  lome  variety  in  the  height 
of  the  two  tides  obferved  in  the  fame  day.  That 
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in  the  fummer  fyzygi*  the  evening  tide  was  great¬ 
er  than  that  of  the  morning,  and  that  in  the  win- 
ter  fyzygitf  the  morning  tide  was  greater  than  that 
of  the  evening.  That  in  the  quadratures,  which 
are  about  the  vernal  equinox,  the  morning  tides 
arefmaller  than  thofe  of  the  evening,  and  that  on 
the  contrary,  about  the  autumnal  equinox  the  even¬ 
ing  tides  are  lefs  than  thofe  of  the  morning. 

This  is  confirmed  by  thefe  new  obfervations ; 
for  June  8,  1713,  the  day  of  the  new'  moon,  the 
morning  tide  was  16  feet,  4  inches,  lefs  by  1  foot 
than  the  evening  tide,  and  the  greateft  tide  hap¬ 
pened  June  10,  in  the  evening.  June  22,  the* 
day  of  the  full  moon,  the  morning  tide  was  15 
feet,  lefs  by  8  inches  than  the  evening,  and  the 
greateft  tide  happened  June  23,  at  night. 

On  the  contrary,  Bee .  17,  the  day  of  the  new 
moon,  the  morning  tide  was  16  feet,  9  inches, 
8  lines,  greater  by  1  inch,  8  lines,  than  that  of 
the  evening,  and  the  greateft  tide  happened  the 
20th  in  the  morning. 

Dec.  31,  the  day  of  the  full  moon,  the  morn¬ 
ing  tide  was  found  to  be  16  feet,  2  inches,  great¬ 
er  by  4  incites,  6  lines,  than  that  of  the  evening, 
and  the  greateft  tide  happened  Jan.  2,  in  the 
morning. 

Alfo,  on  Sept.  12,  and  28,  and  0/7.  12,  1713, 
the  days  of  the  laft  tides  following  the  quadratures, 
the  leaft  tides  happened  in  the  evening,  and/v^.2  3, 
March  10  and  24,  1714,  the  days  of  the  laft 
tides  following  the  quadratures,  the  leaft  tides  hap¬ 
pened  in  the  morning.  It  is  obfervable,  that  in 
the  winter  fyzygi the  difference  between  the 
height  of  the  morning  and  evening  tide  is  lefs  fen- 
fible  than  in  thofe  of  the  fummer  ♦,  and  that  in  the 
fpring  quadratures  the  difference  between  the 
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morning  and  evening  tide,  is  Jefs  than  in  thofe  of 
the  autumn,  which  proceeds  from  the  continual 
augmentation  and  diminution  of  the  tides,  the 
terms  of  which  are  1  or  2  days  after  the  fyzygice 
and  quadratures. 

All  thefe  obfervations  juft  related  have  fuch  regu¬ 
lar  periods,  that  we  cannot  doubt  of  their  being 
produced  by  a  certain  principle.  It  appears  alio  by 
the  memoirs  already  given, that  the  rules  prefcribed 
agree  with  the  obfervations  made  at  Dunkirk  and 
Havre  de  Grace ,  except  what  is  particular  to  each 
port,  as  the  time  of  the  full  fea  in  the  phafes  of 
the  moon,  and  the  elevation  of  the  tides,  which  is 
much  more  fenfible  in  fome  places,  than  in  others. 
Thus  we  muft  not  confine  thefe  rules  to  the  port 
of  Breft ,  and  we  may  give  a  general  inftrudlion 
to  pilots,  which  will  ferve  to  make  them  know 
the  days  of  the  greateft  and  ieaft  tides,  provided 
care  be  taken  to  infert  in  the  ephemerides  the  appa¬ 
rent  diameter  of  the  moon  for  the  day  of  each 
phafe.  *  ’  ' 

They  will  obferve,  lft,  The  magnitude  of  the 
apparent  diameter  of  the  moon,  for  the  greater  it 
is,  the  more  will  the  tides  be  elevated. 

2dly,  The  declination  of  the  moon,  tor  the 
greater  that  is,  the  lei's  are  the  tides  elevated  ;  and 
we  find  at  Brejl ,  that  the  adbon  of  it  is  about  f  of 
that  which  is  caufed  by  the  different  diftances  of 
the  moon  from  the  earth. 

3dly,  The  declination  of  the  fun,  which  h  is  the 
fame  eifedt  with  that  of  the  moon,  tho’  wi  n  iefs 
force,  which  we  judge  to  be  nearly  about  j  that  of 
the  moon. 

4thly,  The  magnitude  of  the  apparent  diame¬ 
ter  of  the  fun,  the  action  of  which  is  the  leaft  fen- 
fibleof  all  chofe  which  we  have  obferved. 
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When  all  thefe  caufes  fhall  concur  together; 
that  is,  when  the  diameters  of  the  fun  and  moon 
fhall  be  the  lead  that  is  pofiible,  and  thefe  2  planets 
fhall  have  their  greater  declinations  with  regard  to 
the  equinoctial,  then  the  tides  will  be  the  fmalleit. 
But  when  the  moon  fhall  be  in  perigeo ,  and  the 
fun  and  moon  fhall  have  no  declination,  in  which 
cafe  the  fun  will  be  about  its  mean  diftance,  then 
the  tide  muft  be  the  greateft  that  is  pofiible. 

In  the  other  fituations  of  the  moon  with  regard 
to  the  fun,  the  tides  will  be  greater  or  fmaller,  ac¬ 
cording  to  a  proportion  which  is  ufually  deduced 
from  the  rules  juft  prefcribed,  provided  we  know 
in  each  port  the  time  of  the  full  fea  in  the  Jyzygi^ 
and  in  the  quadratures,  and  the  greateft  or  leaft  ele¬ 
vation  of  the  tides. 

VII.  Of  the  ejJeEls  produced  by  the  torpedo , 
or  numb-fifh ,  and  the  cauje  thereof  \  by  M* 
de  Reaumur  tranflated  by  Mr.  Cham¬ 
bers. 

There  are  few  naturalifts  but  have  faid  fomething 
of  the  effeCt  of  the  fifh  called  in  Latin  torpedo ,  on 
luch  as  touch  it,  the  fciences  have  all  of  them  cer¬ 
tain  fhining  topicks,  which  no  body  can  well  pafs 
by,  as  in  philofophy,  the  tides,  and  the  proper¬ 
ties  of  the  magnet,  and  in  natural  hiftory  the 
torpedo. 

Some,  and  efpecially  among  the  ancients,  fpeak 
of  its  effeCt  with  wonderous  exaggerations,  while 
others  who  have  feen  and  handled  the  fifh  in  fome 
circumftances,  without  finding  the  numbnefs,  re- 
prefented  all  as  a  fable  ;  but  there  has  been  no 

*  Nov.  14,  1714. 
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room  to  doubt  of  it,  fince  the  atteftation  given 
the  publick  by  Redi  and  Borelii ,  that  they  had 
experienced  it.  '  Though  how  well  foever  the 
feems  afcertained,  the  caufe  is  not  lb. 

Being  on  the  coafts  of  Poitou ,  in  the  fifhing- 
feafon  for  this  animal,  I  relolved  to  take  it  into 
examination,  not  with  regard  to  the  ftrurture  of 
its  body,  there  being  a  little  treatife  of  S.  Loren - 
zini  printed  at  Florence  in  1678,  which  has  alrea¬ 
dy  exhaulled  that  matter  but  my  defign  was  up¬ 
on  the  caufe  of  that  numbnefs  it  produces  in  fuch 
as  touch  it,  wherein  it  precifely  confifts,  and 
what  are  the  circumftances  that  attend  it  *,  for  au¬ 
thors  who  agree  as  to  the  fart,  difagree  about  the 
circumftances  *,  fome  reprefenting  the  numbnefs  as 
more  violent,  others  as  weaker  ;  fome  infilling 
that  the  fifh  only  produces  it  upon  immediate 
contart,  and  others  that  its  influence  extends  a- far 

off. - 1  fhall  only  relate  things  as  I  exper> 

enced  them  •,  nor  will  I  ftick  at  a  fcrupulous  de¬ 
tail  of  the  circumftances,  which  may  perhaps  be 
a  means  of  dilcovery  of  the  real  caufe  of  fuch 
effert. 

There  are  feveral  fpecies  of  this  fifh  which  we 
fhall  not  Hand  to  chararterile,  Rondeletus  having 

done  it  to  our  hands. - To  give  a  general  notion 

of  its  figure  to  fuch  as  have  never  feen  it,  we  may 
compare  it  to  a  thorn- back,  next  to  which  it  is 
commonly  ranked  byPFilloiigbby  and  other  writers, 
on  the  natural  hiftory  of  fillies.  1c  has  been  alrea¬ 
dy  reprefented  fo  often,  that  a  draught  of  it  might 
have  been  fpared,  which  yet  we  have  given  in  fa¬ 
vour  of  fuch  as  may  not  have  books  of  fifhes 
by  them*,  which  fhews  the  back-lide  of 

*  Plate  I. 
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the  fifh,  as  taken  very  exa&ly  from  the  life.  Its 
fize  is  various  *,  thofe  ufually  found  on  the  coafts 
of  France ,  are  about  a  foot  and  ~  long. 

Having  ordered  fome  fiihermen  to  fave  me 
what  torpedo’s  they  caught  alive,  they  brought  me 
a  couple  which  were  feemingly  very  lively  and 
vigorous,  and  yet  tho’  1  touched  them  in  itveral 
places,  and  on  the  feveral  circumftances  the  leaffc 
numbnefs  did  not  enfue.  To  rouze  their  courage 
I  put  them  in  veflels  full  of  fea-water,  where  they 
fwam  about,  and  gave  themfelves  all  the  motions 
fifties  ufually  have  in  water  j  but  ftill  I  felt  no¬ 
thing  extraordinary  from  them. 

Yet  the  power  this  fifh  has  of  ftriking  numbnefs 
feemed  fupported  by  teftimonies  too  authentick  to 
be  called  in  doubt :  all  therefore  I  concluded  from 
this  iirft  experiment  was,  that  my  torpedo’s  were 
weakened,  and  had  hereby  loft  their  virtue  :  to 
determine  which  I  refolved  to  examine  them  in 
the  fea  itfelf,  and  accordingly  engaged  the  fifher- 
men  to  keep  fuch  as  they  had  caught  therein,  which 
was  performed  accordingly. 

But  the  torpedo’s  feemed  refolved  to  make  me 
doubt  of  their  virtue  ;  for  the  fir  ft  I  touched  in 
the  fea,  though  a  very  large  and  vigorous  one, 
and  which  had  never  been  out  of  water,  let  me 
handle  it  feveral  times  without  making  me  feel 
any  thing  unufual.  Upon  this  I  only  wanted  a 
little  more  vivacity,  to  have  concluded  all  that  had 
been  faid  of  it  fabulous ;  when  the  torpedo ,  being 
at  length  fatigued  with  my  repeated  touches,  let 
me  lee  what  it  could  do.  A  kind  of  numbnefs 
fuddenly  feizing  my  whole  arm  from  hand  to 
fhoulder,  and  even  affe&ing  my  head  ;  it  was  ve¬ 
ry  different  from  any  common  numbnefs,  being 
accompanied  with  a  Great,  though  obtufe  pain. 
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1  was  unable  to  ftir  my  hand  and  arm,  and  felt  a 
kind  of  fhuddering  through  the  whole,  which  it  is 
impofiible  to  reprefent.  What  comes  neareft  it 
is,  the  painful  fenfation  felt  upon  knocking  the 
elbow  violently  againft  fome  hard  body,  which  is 
the  comparifon  M.  Lorenzini ,  Borelli ,  and  others, 
have  uled,  though  it  does  not  exprefs  j  the  pain 
that  accompanies  this  nunibnefs,  which  I  muft 
confefs  was  fuch,  that  it  a  little  (lackened  my 
zeal  for  making  more  experiments  on  the  tor¬ 
pedo. 

There  were  5  or  6  other  perfons  with  me,  who 
had  all  the  fame  defire  to  touch  the  torpedo  as  my- 
felf,  and  were  refolved  to  make  trial  of  its  vir¬ 
tue,  at  the  peril  of  the  pain  they  were  threatened 
with,  and  their  curiofities  were  all  rewarded  like 
mine ;  the  animal  being  now  in  the  humour  to 
make  ufe  of  its  power,  few  of  them  needed  above 
one  touch,  efpecially  thofe,  who,  like  me,  felt 
the  numbnefs  up  to  the  fhoulder  ;  for  there  were 

2  or  3  that  came  better  off,  the  pain  only  reach¬ 
ing  to  the  elbow. 

The  pain  of  this  numbnefs,  however,  is  of  no 
long  duration,  but  dwindles  a-pace,  and  is  intirely 
gone  in  a  few  moments.  When  my  arm  came 
to  itfelf  again,  my  curiofity  returned  for  new  ex¬ 
periments  ;  accordingly  I  touched  the  torpedo 
again,  and  knowing  the  worft,  grew  audacious, 
and  touched  it  often.  The  numbnefs  it  now  gave 
me  I  found  did  not  go  fo  far  as  the  firft,  and 
withal  proved  much  lefs  painful ;  the  reafon  pro¬ 
bably  was,  that  the  torpedo  had  weakened  itfelf 
by  dealing  fo  many  blows,  and  the  fame  might 
be  the  cafe  with  that  of  M.  Lorenzini ,  which  gave 
him  no  pain  beyond  the  elbow ;  that  of  Red i  on  the 
co  itrary,  which  (truck  a  numbnefs  up  tohisftioulder, 

muft 


62  Ihe History  ^^Memoirs  of  the 

mud  have  been  as  vigorous  as  mine  was  at 
firft. 

But  a  learned  Englifh  anatomid  mud  have  met 
with  one  much  abler  than  any  of  them,  if  we  may 
credit  what  he  related  before  the  grand  duke  of 
t Tufcany ,  unlefs  we  fuppofe,  that  the  drength  of 
the  animal  may  be  heightened  by  any  particular 
circumdances.  He  affirmed,  that  thi  touch  of 
the  torpedo  raifed  a  pain  in  his  arm  which  laded  2 
days.  Borelli  fufpedts,  that  his  imagination  had 
increafed  the  evil.  But,  may  we  not  as  well  ac¬ 
count  for  it  from  the  date  of  his  body,  for  Bo¬ 
relli  himfelf  informs  us,  that  the  anatomid  was 
feized  with  a  paralytick  tremor  ? 

The  matter  of  fa£t  being  edabliffied,  we  pro¬ 
ceed  to  enquire  into  the  manner  how  it  is  effdted. 
- -  There  have  been  2  different  accounts  al¬ 
ready  advanced,  for  I  make  nothing  of  the  third 
and  antient  one,  which  take  up  with  afcribing  a 
torporifick  virtue  to  the  animal,  not  but  this  may 
be  brought  to  much  the  fame  as  one  of  the  two 
other  opinions,  which  afcribes  the  effedb  of  the 
torpedo  to  an  infinite  number  of  corpufcules, 
which  are  continually  ifluing  from  its  body,  but 
more  plentifully  on  fome  occafions,  than  on  o- 
thers  ;  this  is  the  commonly  received  opinion, 
which  has  been  adopted  by  Meff.  Redi ,  P err ault, 
and  Lorenzini ,  who  explain  themfelves  thus  ; 
that  as  the  fire  emits  a  multitude  of  corpufcules,  fit 
to  warm  us,  fo  the  torpedo  emits  a  like  number  of 
corpufcules  fuited  to  numb  the  part  they  infmuate 
into,  either  by  their  crowding  too  thick  into  the 
fame,  or  by  meeting  with  palfages  unluitable  to 
their  figure. 

The  other  account  is  Borelli9 s,  who  looking 
upon  this  emiffion  of  corpufcles  as  imaginary, 
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afferts,  that  when  one  touches  the  fifh,  it  is  agi¬ 
tated  itfelf  with  fo  violent  a  tremor ,  that  it  occa- 
fions  fuch  painful  numbnefs  in  the  hand,  which 
touches  it  :  H<ec  torpedo  digit  is  comprejfa  tremore 
adeo  vehementi  concutitur ,  ut  manum  contrattantis 
moleflo  torpore  dolorifico  afficiat.  I  do  not  know 
whether  the  idea  raifed  in  me  by  thefe  words  of 
Borelli  be  the  fame  he  intended  to  convey,  but 
they  gave  me  a  notion,  that  a  fenfible  agitation 
was  perceived  in  the  torpedo ,  when  about  to  pro¬ 
duce  its  effedt,  not  unlike  that  undulation  found 
in  cords  ftretched  horizontally,  upon  pulling  them 
out  of  that  pofition,  tremore  adeo  vehementi  con - 
cuiitur  *,  and  he  makes  ufe  of  the  fame  expreffion 
a  little  lower.  Si  tangatur  pifcis  eo  ipfo  tempore 
quo  concutitur  ;  and  the  better  to  fhew  that  there 
is  a  ienfible  difference  between  the  times  of  its 
fhaking,  he  adds,  Si  tangatur  tempore  quo  qui- 
efcet. 

I  watched  the  torpedo  very  narrowly  to  difcover 
which  of  the  two  opinions  I  was  to  adhere  to,  but 
with  all  my  attention  I  could  never  find,  that  it 
was  in  the  leaft  agitated  itfelf,  when  it  (truck  the 
numbnefs,  and  am  apt  therefore  to  imagine,  that 
Borelli' s  fifh  being  lefs  at  its  eafe  than  mine,  might 
on  that  account  give  itfelf  certain  motions  to 
which  that  celebrated  author  was  led  to  attribute 
all  its  force. 

After  having  well  cbferved  the  animal,  I  came 
at  length  to  learn  the  prccife  moment  when  it  was 
ready  to  produce  the  numbnefs,  and  was  able  to 
foretell  it  infallibly  to  thole  who  touched  it,  at 
which  time  I  imagined  I  had  found  out  the  whole 
myftery,  whereon  its  virtue  depends.  The  tor- 
pedo ,  like  other  flat  fifhes,  is  not  perfectly  flat, 
but  its  back,  or  rather  all  the  upper  part  of  its 
body  is  a  littlfc  convex.  Now  I  obferved,  that 

i  while 
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while  it  did  not,  or  would  not  produce  any  numb- 
nefs  ir>  thofe  who  touched  it,  the  back  retained  its 
natural  convexity,  but  that  when  it  was  difpofed 
to  ad,  it  infenfibly  lefiened  the  convexity  of  its 
back  parts,  bringing  them  fometimes  to  a  perfect 
flatnels,  and  at  other  times  rendering  them  inftead 
of  convex  concave.  Now  was  the  moment  come 
for  the  numbnefs  to  take  place,  the  blow  being 
ready  to  go  forth,  the  arm  hereupon  was  inftantly 
benumbed,  the  fingers  which  thruft  the  fifh  were 
obliged  to  let  go,  and  all  the  part  of  the  animal 
which  had  been  flatted,  became  convex  again  ; 
but  whereas  it  had  been  flatted  by  infen  Able  de¬ 
grees,  it  turned  convex  again  fo  fuddenly,  that 
one  could  not  perceive  the  tranfition  from  the  one 
ftate  to  the  other.  A  mufquet-ball  hardly  flies 
quicker  than  the  flefh  does  to  its  firft  firuation  ; 
at  leaft  the  one  is  equally  perceivable  with  the 
other.  From  this  fo  fudden  a  ftroke  arifes  the 
numbnefs  which  feizes  the  arm  ;  accordingly  the 
perfon  who  begins  to  feel  it  imagines,  that  his  fin¬ 
gers  have  been  ftrongly  ft  ruck,  tho’  he  did  not  fee 
the  ftroke  given.  But  in  all  this  time,  fo  far  is 
the  torpedo  from  being  under  the  violent  tremor 
Borelli  mentions,  that  the  fmalleft  motion  is  not 
perceived  on  the  furface  of  its  body  ;  it  is  evident 
a’motion  there  has  been,  by  reafon  the  flatted  parts 
are  become  convex  again,  but  it  is  a  motion  fo 
very  quick  as  to  efcape  the  beft  eyes. 

It  is  the  velocity  alone  of  this  ftroke  that  pro¬ 
duces  the  numbnefs  ;  nor  is  there  any  difficulty  in 
fhewing  that  the  emiffion  of  torporifick  corpufcles 
has  no  fhare  therein,  but  ere  we  proceed  to  that, 
let  us  confider  the  wonderful  compofition  of  parts, 
or  fprings,  which  nature  has  employed  to  produce 
it ;  fo  fwift.  a  ftroke  given  by  a  hard  matter, 
would  have  broke  the  bodies  which  touched  the 

tor - 
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orpedo ,  and  whether  this  would  have  been  too 
.  much,  or  whether  the  ftru&ure  of  the  fifh  did  not 
allow  of  fpringy  hard  parts,  we  find  foft  ones 
deftined  for  this  purpofe,  but  a  fingle  ftroke  of 
a  foft  body  would  not  have  been  of  force  enough  ; 
and  therefore  a  prodigious  number  of  fuch  ftrokes 
are  here  given  at  the  fame  inflant  *,  to  unfold  the 
wonderful  mechanifm  hereof  we  muft  explain  the 
parts  whereon  it  depends. 

Thefe  parts  are  two  very  extraordinary  mufcles, 
called  by  Redi ,  and  after  him  by  Lorenzini ,  the 
mufculi  falcati ,  here  reprefented  by  AAA  A,  fig.  2 
and  DDDDEEEE,  fig.  3,  they  are  fhaped  fome- 
wnat  like  crefcents,  and  together  pottefs  j  the  bulk 
of  the  body,  being  one  of  them  on  the  right  fide, 
the  other  on  the  left,  apd  their  thicknefs  that  of  the 
.  whole  torpedo  ;  they  arife  a  little  above  the  mouth 
and  eyes,  and  are  feparated  from  each  other  by 
the  Bronchia ,  which  have  ten  apertures,  outwards 
ranged  in  two  lines,  as  is  well  obferved  by  Ray\ 
and  not  in  four  as  mentioned  by  Redi  ;  on  the  op- 
pofite  fide  to  th zBronchia  each  mufclc  follows  the 
cartilage  II  fig.  3,  to  which  the  ttefhy  fibres  of 
the  fifh  are  fattened  •,  and  thefe  cartilages  being  a 
little  arched,  the  mufcles  have  a  like  bending  on 
thofe  two  fides,  and  terminate  in  the  laft  of  the 
Bronchia . 

But  what  is  moft  remarkable  in  them  is  their 
fibres,  if  we  may  give  that  name  with  the  authors 
above  cited,  to  a  kind  of  mufcles  as  thick  as 
goofe-quills,  reprefented  here  by  MM  fig.  4,  of 
an  attemblage  whereof  the  two  large  mufcles  juft 
mentioned  are  formed,  but  whatever  name  we  give 
them  thefe  little  mufcles  or  thefe  large  fibres  are 
cylinders,  of  the  thicknefs  already  fpecified,  and 
in  length  nearly  equal  to  the  thicknefs  of  the  fifh  ; 
being  all  ranged  aficie  of  each  other,  and  perpend  i- 

Vol.V.  N°.  47.  K.  cular 


66  The  History  ^WMemoirs  of  the 

cular  to  the  upper  and  lower  furfaces  of  the  fifh,  if 
we  may  confider  thofe  two  furfaces  as  two  plains 
nearly  parallel. 

The  ftru&ure  of  each  ofthefe  cylinders  deferves 
to  be  known;  their  external  furface  confifts  of 
white  fibres,  whofe  dire&ion  is  the  fame  with  that 
of  the  length  of  the  cylinder,  butthefe  fibres  only 
form  a  hollow  tube  whofe  fides  are  no  thicker  than 
paper,  all  the  infide  being  filled  with  a  foft  mat¬ 
ter  of  the  colour  and  confidence  of  pap. 

This  pappy  fubftance  however  that  fills  the  ca¬ 
vities  of  fo  many  tubes,  makes  but  one  mafs, 
which  is  divided  into  25  or  30  feveral  parts, 
by  fo  many  little  partitions  parallel  to  the  bafe  of 
the  cylinder,  and  thefe  partitions  are  formed  of 
tranfverfe  fibres,  fo  that  the  whole  cylinder  is  com- 
pofed  as  it  were  of  25  or  30  fmaller  cylinders  pla¬ 
ced  one  upon  another,  and  each  of  thefe  fmaller 
cylinders  is  a  cell  filled  with  the  pappy  fubftance 
abovementioned. 

S.  Lorenzini ,  who  agrees  with  us  in  giving  the 
little  mufcles  a  cylindrical  figure,  alledges  however 
that  their  extremities  are  not  round  but  figured  ir¬ 
regularly,  and  that  the  marks  of  their  irregularity 
appear  on  the  skin  of  the  fifh,  but  I  have  always 
found  their  extremities  circular  ;  atis  true  wher 
the  torpedo  is  dried  there  appear  irregular  figure; 
impreffed  on  its  skin,  over  againft  the  two  largf 
mufcles  compofed  of  thele  cylindrical  fibres :  bu 
thefe  figures  are  not  thofe  of  the  ends  of  the  cylin 
ders,  but  are  impreffed  by  the  mafhesof  two  pie 
ces  of  net  work  DDDD  fig.  3,  one  whereof  cover 
the  mufcles  on  the  back  fide,  and  the  ether  on  th 
fide  of  the  belly  ;  the  mafhes  of  thefe  nets  are  ir 
regularly  figured,  and  being  preffed  againft  th 
skin  by  the  cylinders  underneath  them,  leave  im 
preffions  thereon  wlftch  arc  not  circular. 
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Let  it  be  remembered  now  that  when  the  torpe¬ 
do  prepares  to  ftrike  a  numbnefs  it  infenfibly  flat¬ 
tens,  the  external  furface  of  its  body  changing  ic 
from  convex  to  concave,  and  the  whole  mechanifm 
whereon  its  force  depends,  will  appear,  for  by  this 
flow  contradlion,  it  ftrains  all  its  fprings,  makes 
all  the  cylinders  fhorter,  and  at  the  lame  time  aug¬ 
ments  their  bafes,  that  is,  (Letches  the  little  parti¬ 
tions  which  divide  the  pappy  matter,  and  perhaps 
the  large  fibres  may  on  this  occafion  depart  a  little 
from  their  cylindrical  figure,  to  fill  up  the  vacu¬ 
ities  naturally  left  between  them.  The  contraction 
being  carried  to  a  certain  pitch  all  the  fprings  bend, 
the  longitudinal  fibres  lengthen, the  tranfverfe  ones 
or  thofe  which  form  the  partitions  Ihorten,  and  each 
partition  being  pulled  by  the  longitudinal  fibres, 
in  thus  lengthening  thruft  their  pappy  contents 
upwards,  which  may  perhaps  be  promoted  by  the 
undulatory  motion  of  the  tranfverfe  fibres  when 
contracting;  if  now  a  finger  happen  to  touch  the 
torpedo ,  it  receives  a  ftroke  or  rather  feveral  fuc- 
ceflive  ftroaks  from  each  of  the  cylinders  it  is  ap¬ 
plied  on.  For  the  pappy  matter  being  diftributed 
among  feveral  partitions,  tis  probable  the  flrokes 
are  not  all  given  at  the  fame  time;  nay,  though 
there  were  not  partitions  to  feparate  this  matter  yet 
the  flrokes  given  by  it  would  be  in  fome  meafure 
fucceflive,  fince  all  the  parts  of  foft  bodies  do  not 
ftrike  at  once,  fome  of  them  not  coming  in  turn 
till  others  have  ceafed  to  act.  But  thefe  feveral 
partitions  ferve  likewife  to  augment  the  number 
of  fprings,  and  confequently  the  velocity  and  lorce 
of  the  ftroke. 

Thefe  quick  repeated  ftrokes,  given  by  a  foft 
matter,  fhakes  the  nerves,  which  hereby  change 
or  fufpend  the  courfe  of  the  animal  fpirits,  or  fome 
equivalent  fluid:  or  if  you  had  rather,  thele  ftrokes 
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produce  an  undulatory  motion  in  the  nerves,  which 
difagrees  with  that  we  are  to  give  them  in  order 
to  move  the  arm,  hence  the  impotency  we  are  un¬ 
der  of  ufing  it,  and  the  fenfation  of  pain. 

From  this  account  it  feems  to  follow  that  the 
torpedo  is  only  able  to  flrike  numbnefs  when  touch¬ 
ed  over  the  two  large  mufcles,  compofed  of  the 
cylindrical  fibres  abovementioned  ;  accordingly 
I  have  found,  and  Borelli,  Redi,  and  Lorenzini 
have  found  the  fame,  that  ’tis  on  thefe  mufcles  the 
greateft  numbnefies  are  given,  the  farther  you 
touch  from  them,  dill  the  lels  danger  you  are  in, 
and  about  the  tail  all  is  fafe,  which  the  fifhermen 
are  very  fenfible  of,  for  they  catch  them  by  it,  not 
but  one  may  find  a  feeble  numbnefs  at  fome  dif- 
tance  from  thofe  mufcles,  but  it  never  reaches  as 
far  as  the  elbow,  and  the  whole  is  compatible 
enough  with  our  account ;  for  the  skin  of  the  fifh 
muff  feel  the  ftroke  of  the  mufcles,  and  receiving 
a  fhake  mud  communicate  the  fame  to  fuch  bodies 
as  touch  it. 

Thofe  authors  whoafcribe  the  virtue  of  the  tor - 
pedot o  torporifick  corpufcles  have  been  forced  ne- 
verthelefs  to  have  recourfe  to  thefe  two  mufcles, 
to  help  our  their  account  •,  for  they  confider  them 
as  refervoirs  wherein  the  corpufcles  that  are  to  give 
the  numbnefs  are  lodged.  M.  Lorenzini,  who 
had  obferved  their  contraction,  pretends  that  its 
life  is  to  emit  thefe  little  bodies  from  within  the 
mufcles,  where  they  are  imprifoned  :  but  this  e- 
miffion  of  corpufcles,  afferted  by  the  generality  of 
authors  is  overturned  by  the  following  experi¬ 
ments. 

jft.  If  the  hand  or  arm  be  ever  fo  little  diftant 
from  the  torpedo,  they  feel  no  numbnefs,  as  M. Lo¬ 
renzini  himfclf  allows.  Now  to  ufe  his  own  com¬ 
panion,  if  the  torporifick  corpufcles  benumb,  as 
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fiery  particles  heat,  a  hand  at  fome  difiance  from 
the  fifii  muft  feel  a  numbnefs, as  a  hand  at  a  diftance 
from  the  fire  feels  warmth. 

2dly,  If  this  numbnefs  was  occafioned  by  tor- 
porifick  corpufcules,  exprefifed  by  the  contradion 
of  the  mufcles  abovementioned,  the  numbnefs 
would  happen  while  the  parts  of  the  fifii  are  con- 
traded,  whereas  it  does  not  commence  ’till  the  con- 
tradion  ceafes.  I  have  known  this  contradion  con¬ 
tinue  a  good  while  without  feeling  any  effed  from 
it,  tho*  my  hand  was  on  it  all  the  time. 

3dly.  If  the  numbnefs  were  the  effed  of  tor- 
porifick  corpufcles  it  would  come  on  by  degrees  as 
the  hand  heats  by  degrees,  and  be  at  firft  weak, 
and  at  length  become  violent  in  proportion  as  the 
corpufcles  infinuated  into  it.  Whereas  on  the  con¬ 
trary  we  find  the  numbnefs  ftrongeft  when  it  be¬ 
gins,  as  all  pains  are,  which  are  owing  to  hidden 
£lrokes,and  it  continues  dwindling  from  the  time  it 
is  firft  felt,  being  fo  violent  at  firft:  as  to  force  one 
to  quit  the  touch. 

I  have  feveral  times  ufed  my  utmoft  endeavour 
not  to  let  go  my  hold,  but  all  is  in  vain,  the  hand 
opening  of  itfelf  as  foon  as  the  numbnefs  began, 
tho’  I  fqueezed  the  fifii  between  two  fingers,  one 
of  them  above,  and  the  other  underneath  it,  in 
which  cafe  it  feems  as  if  it  fiiould  have  been  dif- 
abled  from  ading,  yeti  was  not  then  fecure.  For 
the  finger  next  to  that  which  fqueezed  it  moft  had 
but  little  effed,  and  the  next  to  that  barely  touched 
it,  and  confequently  were  expofed  to  the  ftroke, 
yet  I  always  found  the  numbnefs  weaker  and  at¬ 
tended  with  lefs  pain,  when  I  thus  held  the  animal 
ftrongly  fqueezed  in  my  fingers,  than  when  I  put 
the  tips  of  my  fingers  thereon. 

It  may  be  added  that  tho’  we  have  ftrongly  fpo- 
ken  of  a  numbnefs  of  the  arm,  yet  it  can  produce 
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the  like  in  other  parts  of  the  body,  accordingly 
it  benumbs  the  legs  when  one  walks  on  it  bare¬ 
footed  •,  not  that  I  have  experienced  fo  much,  for 
the  weather  was  too  cold,  and  my  torpedo  would 
not  aft  out  of  water;  but  the  fiffiermen  unani- 
moufly  affirm  it, and  add  that  the  ftroke  fometimes 
throws  them  down. 

As  to  what  is  commonly  reported,  that  it  can 
ftrike  a  numbnefs  even  when  only  touched  with  a 
long  ftaff,  I  can  neither  afiert  nor  deny  it,  yet  up¬ 
on  touching  a  torpedo  with  a  common  cane,  I  fan¬ 
cied  I  felt  the  ftroke,  tho’  very  (lightly  ;  perhaps 
there  may  be  fome  ftrong  enough  to  make  it  felt 
at  the  end  of  a  long  ft  a  ft,  but  it  is  fcarce  credible, 
which  M.  Perrault  mentions, that  they  fhould  be¬ 
numb  the  hands  of  the  fifhermen  who  only  hold 
the  nets  they  are  taken  in. 

The  reafon  is  obvious  why  its  a&ion  fhould 
fcarce,  or  not  at  all  be  felt  when  one  touches  it 
with  a  (tick,  for  the  numbnefs  arifes  from  the  ex¬ 
treme  velocity  of  the  ftroke,  now  by  the  laws  of 
percuffion,  the  velocity  wherewith  a  cane  or  dick 
fome  feet  long  ftrikes  the  hand,  is  much  lefs  than 
that  wherewith  the  torpedo  ftruck  the  ftick,  and 
confequently  a  lefs  effetft  muft  arife  from  it;  for 
the  (lime reafon  the  longer  a  cane  is  the  lefs  it  will 
a<5t  on  the  hand,  but  a  thin  body  being  put  between 
the  finger  and  the  torpedo ,  the  diminution  of  the 
velocity  is  not  fo  great  but  that  the  numbnefs  is 
confiderable;  hence  w'e  have  a  new  proof  that  the 
emiffion  of  torporifick  corpufcles  contributes  no¬ 
thing  to  the  numbnefs.  For  the  finger  when  on¬ 
ly  a  line  diftant  from  the  fiffi  receives  no  impreffion 
therefrom,  if  the  intermediate  fpace  be  only  filled 
with  a  fluid  fubftance  as  air  or  water,  but  if  this 
fpacc  be  poffcfs’d  by  afolid  body,  the  torpedo  then 
makes  .an  impreffion  on  the  finger;  now  whence 
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does  this  arife,  unlefs  it  he  that  the  folid  body 
comm  unicares  the  impreffion  it  had  received.  It 
would  have  been  worth  knowing  what  the  thick- 
nefs  of  the  body  mud  be,  whofe  interpofition  be¬ 
tween  the  torpedo  and  the  finger  indemnifies  it 
therefrom,  but  as  the  animal  adls  weaker  or  dron- 
ger  at  pleafure,  I  have  not  been  able  to  determine 
it. 

This  faculty  of  benumbing  would  be  of  no  great 
advantage  to  the  fifh,  if  the  only  ufe  it  made  of  it 
was  to  defend  itfelf  from  the  fifhermen,  for  it 
rarely  happens  to  efcape  their  hands.  But  Arif 
totle ,  Pliny ,  and  the  generality  of  naturalifts  like- 
wife  affirm  that  it  ferves  it  to  catch  fiffi  withal,  all 
we  know  of  the  matter  is  that  it  feeds  on  fifh, 
which  is  frequently  found  in  its  domach,  and  yet 
the  torpedo  like  mod  fiat  fifhes,  ufuallykeeps  on  the 
fand  or  mud,  where  it  may  perhaps  lie  on  the  fcout. 
’Tis  certain  its  powers  would  be  much  to  be  fear¬ 
ed  by  fuch  fidies  as  it  could  touch  j  I  had  no  op¬ 
portunity  of  making  experiments,  but  am  well 
afiured  that  the  redoubled  drokes  it  is  able 
to  give  might  kill  muchdronger  animals  than  lit¬ 
tle  fiffies. 

For  want  of  a  fifh,  I  took  one  of  the  land  ani¬ 
mals  neared  a  kin  thereto,  viz.  a  duck,  and  put¬ 
ting  the  torpedo  and  it  together  in  the  fame  vefifel 
of  lea  water,  only  covered  a  top  with  a  linnen  cloth 
to  prevent  the  duck  from  flying  away,  in  a  few 
hours  time  I  found  my  duck  quite  dead,  it  had 
doubtlefs  touched  the  torpedo  too  often,  which  cod 
it  its  life. 

If  we  may  believe  what  is  related  of  the  torpe¬ 
do  in  the  hidory  of  Abyffmia ,  it  is  no  Jefs  able  to 
bring  dead  fiffies  to  life  again  than  to  kill  living 
ones  *,  it  being  there  aborted,  that  a  dead  fiffi  put 
in  the  fame  vefiel  with  the  torpedo  will  dir  about 
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again  ;  but  it  may  be  thought  too  much  to  have 
barely  mentioned  fuch  a  fable,  another  fadt  related 
in  the  hiftory  of  the  fame  country,  is  that  the  tor - 
pedoisufed  to  cure  fevers.  The  method  of  appli¬ 
cation  is  as  follows,  the  patient  being  tied  down 
clofeto  a  table,  they  apply  the  fifh  fucceffively  on 
all  his  parts,  which  puts  him  indeed  to  a  cruel  tor¬ 
ture,  but  certainly  delivers  him  from  his  difeafe. 
Bellonius  mentions  it  as  a  current  notion  that  a  dead 
torpedo  applied  to  the  foies  of  the  feet,  abates  the 
violence  of  a  fever. 

In  America  they  have  torpedo's  which  refemble 
ours  as  to  their  effedls,  but  are  very  different  from 
them  in  figure.  M.  du  Hamel  in  the  hiftory  of  the 
academy  for  the  year  1 677,  mentions  a  fpecies 
fhaped  like  eels,  and  therefore  compared  to  con¬ 
gers,  M.  Richier ,  from  whom  rhe  account  came, 
affirms  that  it  benumbs  the  arm,  when  touched 
with  the  end  of  a  ftaffi,  and  that  its  effects  are  fo 
violent  as  to  produce  vertigos,  which  he  affures  us 
he  had  found  by  experience. 

When  the  torpedo  is  dead,  the  fifhermen  no  long¬ 
er  fear  it,  but  eat  it  like  other  fifh,  tho’  it  makes 
no  very  delicious  food;  not  to  mention  how  little 
there  is  of  it,  for  they  throw  away  the  two  large 
mufcles,  as  having  little  in  them  befide  the  pappy 
matter,  whofe  tafte  at  beft  is  but  faint  and  fickly. 

An  explanation  of  the  figures  relating  to  the  torpe¬ 
do,  in  Plate  I.  Tran  fated  by  J.  M. 

Fig.  2.  reprefcnts  a  torpedo  feen  cn  the  back. 

The  dotted  line  A  AAA  fhews  almoft  the  cir¬ 
cumference  of  one  of  the  two  mufcles,  on  which 
the  extarordinary  effedt  of  this  fifh  depends.  It  is 
the  furface  contained  within  the  fame  line,  that 
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flattens,  when  the  fifh  is  going  to  numb.  On  the 
other  fide  there  is  a  mufcle  of  equal  extent,  which 
as  well  as  all  the  other  parts  on  this  fide,  are  fhort- 
ned  here  by  the  perfpedlive. 

Fig.  3.  fhews  the  belly  of  the  fifh,  where  one 
of  the  mufcles  that  numb  is  difcovered. 

B  is  the  mouth  of  the  fifh. 

CCCC  its  gills. 

DDDD,EEEE  is  one  of  the  two  mufcles,  which 
caufes  the  numbnefs,  at  DDDD  it  is  covered  with 
a  net  work,  at  EEEE  this  net  work  is  raifed,  and 
we  fee  only  the  fibres  of  the  mufcle.  The  mufcles 
would  appear  in  the  fame  manner,  if  they  were 
uncovered  at  the  back. 

FFFF  the  skin,  which  covered  the  mufcle* 
raifed  up. 

GG  a  fiefhy  mufcle,  or  fiefh  of  the  fifh. 

HH  a  bundle  of  veflels,  which  carry  a  flimy 
matter,  that  fpreads  over  the  upper  part  of  the  bo¬ 
dy  of  the  fifh. 

II  a  cartilage  along  which  the  preceding  veflels 
take  their  courfe. 

KKKKK  diverfe  branches  of  veflels  for  the  vifl- 
cous  matter,  the  apertures  of  which  terminate  in 
the  exterior  furface  of  the  skin,  as  may  be  feen  at 

LLL. 

Fig.  4  is  a  mafs  of  the  thick  fibres,  which  com- 
pofe  the  mufcle. 

MM  is  one  of  thefe  fibres.  The  circular  lines 
parallel  to  their  ends  are  ftrata  of  fibres,  which 
divide  each  of  the  great  ones  into  feveral  parts. 
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VIII.  A  comparifon  of  the  ancient  Roman 
foot  with  that  of  the  Chatelet  at  Paris, 
with  pome  remarks  upon  other  meafures  j 
by  M.  de  la  Hire*. 

I  gave  the  academy  in  1701  fome  remarks 
which  I  had  made  on  the  capacity  of  our 
according  to  the  flandard  at  the  Hotel  de  Ville  of 
Paris ;  and  on  the  weight  of  the  water  which  it 
contains ;  and  I  fhall  now  relate  fome  obfervations 
on  the  fize  of  the  ancient  Roman  foot  compared 
with  ours,  fuch  as  is  now  in  ufe,  that  is,  with  that 
of  the  Chatelet  at  Paris ,  which  is  £  of  the  toife. 

MefiT.  Picard  and  Auzout  had  made  feveral  re¬ 
marks  on  thefe  very  meafures,  which  I  have  prin¬ 
ted  in  the  collection  of  the  poflhumous  works  of 
our  academicians. 

We  muft  not  be  furprized  if  we  find  fome  dif- 
ierence  in  the  examination  which  we  make  of  what 
remains  to  us  of  the  ancients,  to  conclude  from  it 
the  fize  of  the  ancient  Roman  foot,  for  it  is  not 
long  fince  the  architects  and  mafons  at  Paris  (till 
made  ufe  of  a  foot,  which  was  greater  by  about  a 
line  than  that  which  is  at  the  Chatelet ,  with  regard 
to  the  toife,  which  ferves  for  a  flandard  to  all  our 
meafures. 

The  reformation  of  the  mafon’s  foot  was  made 
in  1668,  at  the  fame  time  that  the  toife  of  the 
Chatelet  was  eflablifhed,  as  we  fee  it  now  at  the 
entrance  and  under  the  great  flair-cafe ;  for  the 
ancient  toife,  which  is  flill  to  be  feen,  is  applied 
on  the  outfide  in  the  court  againfl  one  of  the  pil¬ 
lars  of  the  building,  but  this  toife  is  quite  falfi- 

*  December  1  1714, 
f  Vol.  I.  page  28$  of  this  abridgement. 
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fified  at  top,  by  the  pillars  bending  in  that 
place.  I  have  now  in  my  hands  a  very  old  ma¬ 
thematical  inftrument,  which  had  been  made  by 
one  of  our  moft  able  workmen,  with  very  great 
care,  wherein  the  foot  is  marked  •,  and  it  has  fer- 
ved  to  reftore  the  toife  of  the  Chatelety  according 
to  what  I  have  learned  of  it  from  our  old  mathe¬ 
maticians. 

As  for  the  ancient  Roman  foot,  we  ftill  fee  at 
Rome  upon  2  marble  fepulchres  of  2  archite&s,  the 
figure  of  this  foot  in  bajjo  relievo  ;  the  extremities 
of  it  are  a  little  worn,  both  by  time,  and  by  the 
meafure,  which  all  the  curious  have  taken  of  it ; 
however,  tho5  they  are  very  coarfely  made,  one  of 
them  is  ftill  10  inches,  11  lines  {,  of  our  meafure, 
and  the  other  10  inches,  1 1  lines  r  ,  whence  we 
might  judge  them  to  have  been  1 1  inches  at  firft, 
for  %  of  a  line  either  of  one  fide,  or  the  other,  is 
very  little  for  a  fculptor  in  marble.  One  of  thefe 
feet  is  very  ill  divided  into  its  16  digits,  and  the 
other  is  not  divided. 

However  the  brazen  ftandard  of  the  ancient 
congius  of  the  time  of  Vefpafian ,  which  is  pre- 
ferved  very  entire  in  the  Farnefian  palace  at  Rome , 
gives  the  meafure  of  the  ancient  foot  at  that  time, 
1 1  of  our  inches,  and  1  line,  according  to  the  re¬ 
lation  of  Villalpandus ;  for  the  congius ,  which 
among  the  Romans  was  the  meafure  of  the  li¬ 
quors,  as  our  pinte  is  here,  ought  to  contain  fth  of 
their  cubical  foot  •,  but  it  is  always  very  difficult 
to  meafure  the  capacity  of  a  vefiel  by  means  of  li¬ 
quors,  efpecially  when  the  veifel  has  its  aperture 
very  large,  as  that  has. 

For  this  reafon  I  have  been  defirous  to  fee, 
whether  the  meafures  of  the  ancient  foot  ftill  re¬ 
maining,  could  inform  us  of  the  fize  of  the  an¬ 
cient  Roman  foot ;  and  as  the  Pantheon  or  Rotun- 
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da  is  one  of  the  mod  entire  and  mod  beautiful 
pieces  of  all  antiquity,  I  have  found  that  the  height 
of  the  fhaft  of  the  columns  of  the  portico,  which 
are  of  oriental  granite,  is  36  feet,  7  inches  j,  or 
439  inches  f  of  our  meafure,  and  fuppofing  that 
the  ancients  intended  to  make  thefe  columns  40  of 
their  feet ;  for  it  is  probable  that  Agrippa^  who 
decorated  this  temple,  ufed  all  pofiible  care,  we 
flhall  find  that  the  Roman  foot  was  10  inches,  n 
lines  of  our  feet :  and  in  reducing  in  like  man¬ 
ner  the  diameter  of  thefe  columns  at  the  bafe,  we 
ftiall  find  that  there  are  5  Roman  feet,  of  the  fame 
meafure,  and  a  little  more,  but  that  they  are  not 
all  exadtly  of  the  fame  thicknefs,  which  may  be 
afcribed  to  the  great  difficulty  of  working  the 
Egyptian  granite  of  which  they  are  made,  becaufe 
of  its  hardnefs. 

The  breadth  of  the  opening  of  the  gate  of  this 
temple  is  220  inches  j  of  our  meafure,  and  fup¬ 
pofing  it  to  be  20  Roman  feet,  we  ffiall  find  each 
of  them  to  be  1 1  inches,  and  ^  of  a  line.  We 
can  conclude  nothing  certain  from  the  height  of 
this  gate,  becaufe  the  architect  was  obliged  to 
conform  to  the  height  of  the  portico. 

The  length  of  the  portico  of  this  temple,  mea- 
furingit  from  outfide  to  outfide  of  the  walls,  mud 
have  been  no  Roman  feet,  reckoning  them  at 
j  1  of  our  inches. 

If  we  would  red  here,  we  fee  that  taking  a  mean 
between  the  meafures  jud  related,  we  mud  rec¬ 
kon  the  antient  Roman  foot  to  be  1 1  of  our  in- 
ches. 

But  if  we  carry  this  examination  farther,  we 
fhall  find  that  the  round  temple  of  Bacchus  mud  be 
75  Roman  feet  in  diameter,  fuppofing  each  of 
them  1 1  inches,  and  the  breadth  between  the  ex¬ 
terior 
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terior  face  of  the  wall,  and  the  columns  is  25  feet, 
which  is  |  of  the  whole  diameter. 

The  temple  of  Faunus ,  which  is  alfo  of  a  cir¬ 
cular  figure,  has  its  diameter  exaCtly  of  two  hun¬ 
dred  and  fixteen  feet,  of  eleven  inches  each,  of 
our  meafure. 

If  we  fuppofe,  that  the  breadth  of  the  gate  of  the 
temple  of  Vefta  at  Tivoli,  was  10  ancient  feet; 
this  foot  will  be  10  inches,  11  lines,  of  our 
meafure,  and  fuppofing  the  columns  of  this  very 
temple  to  be  2  feet  f-,  in  diameter,  the  ancient 
foot  will  be  1 1  inches  f  of  a  line. 

If  the  columns  of  the  temple  of  Antoninus  and 
Fauftina ,  were  5  ancient  feet  in  diameter,  the  foot 
mull  have  been  10  of  our  inches,  and  1 1  lines. 

Thefe  lad  obfervations  concur  with  the  firft  to 
fhew  that  the  ancient  Roman  foot  was  1 1  inches 
of  our  foot. 

We  know  that  the  ancient  Roman  foot  was  to 
the  Greek ,  as  24  to  25;  for  the  Roman  ft adium 
was  to  the  Greek  as  600  to  62 5  Roman  feet,  and 
confequently  the  Greek  foot  mud  have  been  1 1 
inches  and  \  of  our  meafure,  or  thereabouts. 

As  for  the  modern  meafiires,  the  Roman  palm 
at  prefent  contains  8  inches  f  of  our  foot,  but 
the  palm  among  the  ancients  was  \  of  the  foot ; 
wherefore  the  foot  mud  have  been  1 1  inches,  if 
this  palm  was  formed  upon  the  ancient  foot,  as  is 
very  probable.  The  canna  of  the  architects  con¬ 
tains  10  palms,  wherefore  it  is  6  feet,  10  inches  \ 
of  our  meafure.  But  the  canna  of  the  merchants 
at  Rome  is  only  6  feet,  1  inch  \  of  our  meafure  ; 
they  divide  it  into  8  palms,  which  are  greater  than 
the  palm  of  the  architects,  the  fixth  part  of 
this  canna  would  be  very  little  different  from  our 
foot. 
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The  meafures  of  the  aulne  made  ufeofat  Paris 
are  different  among  different  trades,  for  fome  are 
fhorter  than  others  by  about  4  lines.  I  have 
found  in  the  hands  of  one  of  our  mathematical  in- 
ftrument-makers,  a  great  brazen  rule  which  was 
ancient,  and  faid  by  him  to  be  the  meafure  of  the 
aulne ;  it  was  exactly  44  of  our  inches.  But  there 
was  printed  at  Paris  fome  time  ago,  a  treatife  of 
commerce,  the[author  of  which  is  much  efteemed, 
and  he  relates,  that  the  mercers  aulne  is  44  inches 
wanting  4  lines,  according  to  the  ftandard  pre- 
ferved  in  their  bureau .  I  was  defirous  to  fee 
myfelf  what  it  was,  and  having  meafured  this 
aulne  very  exactly,  I  found  it  was  44  inches 
wanting  only  \  a  line.  It  is  eafy  to  meafure  it, 
For  this  ftandard  is  a  thick  iron  rule,  with  two 
pieces  of  iron  faftened  perpendicularly  at  the  ends, 
between  which  the  rule  may  be  applied  that  we 
would  meafure  :  at  the  back  of  this  rule  it  is  en¬ 
graven  in  great  capital  letters,  that  this  is  the 
aulne  of  the  mercers,  and  wholefale  dealers, 
( growers )  1554.  . 

We  fee  that  this  aulne  comes  very  near  4  an¬ 
cient  Roman  feet,  as  we  determined  before.  We 
might  therefore  fuppofe  that  when  the  Romans 
were  maftersof  thefe  countries,  they  introduced 
their  meafure  for  the  merchants,  and  made  the 
aulne  4  of  their  feet,  which  is  a  little  altered  a- 
mong  different  tradefmen ;  for  the  woollen-dra¬ 
pers  make  it  a  little  lefs  than  the  mercers,  and  the 
Jinnen-drapers  make  it  four  lines  fhort  of  44  in¬ 
ches,  which  is  the  lead  that  is  in  ufe. 

I  fhail  here  add  an  obfervation  which  I  have 
made  on  the  word  demi-f extier ,  which  I  believe 
came  to  us  from  the  Romans ,  as  well  as  the  mea¬ 
fure  of  liquids  very  nearly.  For  this  word  demi - 
[extier  has  no  relation  to  our  pinte>  fince  the  cho¬ 
rine 
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fine  fhould  be  the  fextier ,  which  is  not  the  fixth 
part  of  our  meafures ;  but  the  fextarius  of  the  Ro¬ 
mans  was  the  fixth  part  of  their  congius ,  which  was 
the  eighth  part  of  their  cubical  foot,  and  their 
demi-fextarius ,  which  they  alfo  called  hemina ,  is 
almoft  equal  to  our  demi- fextier ,  which  fhould  con¬ 
tain  1 2  of  our  cubical  inches,  th epinte  containing 
48  according  to  the  common  meafure. 

If  the  ancient  Romans  had  left  us  in  writing  the 
exadt  meafure  of  fome  parts  of  their  principal  edi¬ 
fices,  after  they  were  perfedt,  we  fhould  have  at 
prefent  the  juft  fize  of  their  foot,  by  comparing 
thofe  meafures  with  our  own,  which  we  can  only 
do  by  conjedture ;  wherefore  I  fhall  here  relate 
the  exadt  dimenfions  of  fome  parts  of  our  princi¬ 
pal  buildings,  that  we  may  have  recourfe  to  them, 
if  the  meafure  we  now  make  ufe  of  fhould  change, 
or  be  altered  by  any  accident. 

I  have  meafured  exadtly  with  our  toife  and  foot 
in  the  building  of  the  obfervatory,  even  with  the 
ground,  the  breadth  of  the  north-door  between 
its  pofts  and  above  the  threfhold  ;  and  I  found  it 
to  be  8  feet,  o  inches,  8  lines  ;  and  in  like  man¬ 
ner  the  breadth  of  the  fouth  door,  which  opens 
upon  the  terrafs,  is  7  feet,  1 1  inches,  8  lines. 

The  length  of  the  great  hall  of  the  fame  build¬ 
ing  between  the  walls,  from  infide  to  infide,  is  1 5 
toifes,  3  feet,  o  inches,  6  lines ;  and  its  breadth 
in  like  manner  between  the  walls  from  infide  to 
infide,  without  reckoning  the  hollows,  and  over- 
againft  the  door  which  opens  to  the  great  ftair- 
cafe,  is  7  toifes,  5  feet,  2  inches.  * 

At  the  church  of  Val  de  Grace ,  in  the  Faux - 
kourg  Saint  Jacques,  the  breadth  of  the  great 
door  between  the  pofts  at  the  bottom  upon  the 
threfhold  is  9  feet,  9  inches,  3  lines.  The  breadth 
ef  the  body  of  the  pilallers  of  the  portal,  which 
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are  at  the  Tides  of  the  door  on  the  outfide,  is  j 
feet,  3  inches.  The  breadth  of  the  nave  of  thi! 
church  at  the  entrance  between  the  foques  placec 
under  the  firft  pilafters,  and  meafured  upon  the 
pavement  of  the  church,  is  4  toifes,  5  feet,  4  in¬ 
ches,  3  lines. 

At  the  Louvre  in  the  court,  the  breadth  of  the 
fquare  door  which  is  toward  Saint  Germain  dt 
FAuxerrois ,  or  toward  the  eaft,  taken  between  its 
pofts  and  upon  the  threlhold,  is  1 2  feet,  o  inches, 
6  lines. 

The  breadth  of  the  other  fquare  door,  which 
is  toward  the  Thuileries ,  or  toward  the  weft,  mea¬ 
fured  in  like  manner  between  its  pofts,  and  upon 
the  threftiold,  is  10  feet,  2  inches,  6  lines. 

The  manner  of  meafuring  magnitudes  exa&ly, 
is  to  have  2  toifes  very  exa<ft,  and  fhod  with  iron 
at  the  ends,  one  of  which  at  leaft  fhould  be  di¬ 
vided  into  feet  and  inches,  and  to  apply  them  in  a 
right  line  upon  the  place  that  we  would  meafure, 
placing  the  end  of  one  againft  that  of  the  other, 
and  obferving  not  to  remove  one  till  the  other  is 
placed,  for  if  we  pretend  to  make  thefe  meafures 
only  with  one  toife  or  foot  rule,  marking  where  its 
extremity  ends,  we  lhall  continually  fall  into  fom£ 
miftake. 
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Philosophical  Discoveries  and  Ob¬ 
servations  in  the  History-  of  the 
Royal  Academy  of  Sciences  at 
Paris ,  for  the  year  1715. 

I.  Of  a  dog  endued  with  the  faculty  of 

J'peaking . 

WITHOUT  fuch  a  teftimony  as  that  of 
M.  Leibnitz ,  an  eye-witnefs,  we  fhould 
not  have  ventured  to  have  related,  that  near 
Zeitzy  in  Mifnia ,  there  is  a  dog  which  fpeaks. 
It  is  a  peafant’s  dog,  of  the  mod  common  figure, 
and  a  middling  fize.  A  little  boy  heard  him 
make  fome  founds,  which  he  thought  refembled 
fome  German  words,  and  upon  that  he  took  it  in¬ 
to  his  head  to  teach  him  to  fpeak.  The  mailer 
who  had  nothing  better  to  do,  did  not  fpare  ei¬ 
ther  his  time  or  his  pains ;  and  happily  the  difci- 
ple  had  fuch  difpofitions  that  would  have  been 
difficult  to  be  found  in  any  other.  In  fhort,  in 
a  few  years  the  dog  knew  how  to  pronounce  about 
thirty  words.  Of  which  number  are,  The,  Coffey 
Chocolaty  JJJembleey  French  words,  which  have 
palled  into  the  German  without  alteration.  It 
mull  be  obferved  that  the  dog  was  full  three  years 
old  when  he  was  put  to  fchool.  He  only  fpeaks 
by  echo,  that  is  to  fay,  after  his  mailer  has  pro¬ 
nounced  a  word;  and  he  fee  ms  to  repeat  it  then  by 
force,  and  againll  his  will,  tho’  they  do  not  ufe 

M  2  him 
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him  ill.  M.  Leibnitz  faw  and  heard  him  an¬ 
other  time. 

-  '  r  f  "  J  rr  f 

,  II.  Of  the  fudden  fall  of  a  mountain. 

M.  Scheuchzer  informed  the  academy,  that  in 
June  1714,  the  weftern  part  of  the  mountain  of 
Diableret ,  in  Valais ,  fell  fuddenly,  and  all  at 
once,  between  two  and  three  in  the  afternoon, 
the  heavens  being  very  ferene.  It  was  of  a  co¬ 
nical  figure.  It  threw  down  55  cottages,  crufhed 
15  perlons,  and  above  100  kine,  and  many  more 
imall  cattle,  and  covered  with  its  ruins  a  full 
league  fquare.  There  was  a  profound  darknefs 
cauled  by  the  duft.  The  heaps  of  Hones  amaffed 
below  are  above  30  perches  high,  which  are  pro¬ 
bably  the  Rhinland  perches  of  10  feet.  Thefe 
heaps  have  flopped  the  waters,  which  form  new 
and  very  deep  lakes.  In  all  this  there  was  not 
any  figns  of  bituminous  matter,  nor  fulphur,  nor 
lime,  and  confequently  no  fubterraneous  fire.  Pro¬ 
bably  the  bale  of  this  great  rock  was  rotted  of  it- 
felf,  and  reduced  to  powder. 

III.  Of  the  fen-hare ,  or  fca-cat. 

The  fea-hare  or  cat  is  an  animal,  which,  not- 
withftanding  its  name,  walks  very  flowly,  and 
has  no  legs.  It  refembles  the  land- (lug,  and  has 
horns  like  that,  but  flat.  M.  de  Reaumur  has  ob- 
ferved  on  the  coaft  of  Poitou ,  the  manner  in  which 
the  male  and  female  of  this  fpecies  couple.  The 
female  has  the  aperture  of  the  feminine  part  almoft 
in  the  middle  of  the  back.  The  male  mounts 
her,  and  there  comes  out  from  beneath  his  belly  a 
mafculine  part  turned  fpirally,  almoft  like  that  of 
drakes.  • 

IV 
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IV.  Of  a  monjirous  lamb . 

M,  de  Puy ,  the  king’s  phyfician  at  Rochefort 
writ  to  M.  de  Lagni ,  that  he  had  feen  a  mon- 
Itrous  lamb  come  at  its  full  time,  but  which  mult 
die  the  moment  it  was  born,*  becaufe  it  had  only 
one  little  hole  placed  between  its  two  ears,  by 
which  it  could  receive  a  little  air,  and  that  this 
hole  had  no  entrance  into  the  lungs,  but  only  in¬ 
to  the  cefophagus  ;  and  this  canal  was  alfo  fwoln 
with  air,  and  quite  blown  up.  This  hole  was  the 
only  throat  of  the  animal,  and  it  was  absolutely 
impoffible  for  any  nourifhment  to  pafs  that  way. 
The  lamb  was  therefore  only  nourifhed  from  the 
navel-ltring.  It  is  proved  by  a  great  many  other 
examples,  that  the  navel-ltring  without  a  mouth 
is  Sufficient.  Both  the  llomachs  of  the  lamb  were 
full  of  Dime,  like  the  white  of  an  egg,  and  the 
inteftines  full  of  meconium.  If  it  be  true,  as  fome 
authors  relate,  that  they  have  feen  foetus's  very 
well  nourifhed.  without  placenta ,  and  without 
umbilical  velfels,  the  mouth  and  the  navel  are 
equally  palfages  for  the  nouriffiment  of  the  foetus, 
and  they  Supply  one  the  other  fo  perfectly,  that 
it  is  not  perceived  that  one  of  the  two  is  wanting; 
but  if  this  fad  is  not  true,  the  navel  is  the  only 
pafiage. 

This  lamb  had  the  hair  of  a  wolf  or  dog.  Pro¬ 
bably  fome  great  fright  of  the  mother  had  been 
the  caufe  of  it,  and  at  the  fame  time  produ¬ 
ced  the  other  diforders  which  rendered  this  foetus 
monftrous. 
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V.  Of  a  contagious  difeafe. 

There  reigned  for  fome  time  in  the  villages 
about  'Touly  a  contagious  difeafe,  by  which  they 
were  carried  off  in  two  or  three  days  at  mod.  It 
was  fo  violent  a  purple,  that  the  fkin  entirely 
came  off  from  thole  who  efcaped.  The  infe&ion 
of  the  carcaffes  was  fo  great  that  nobody  would 
open  them,  and  feveral  died  upon  carrying  them 
to  their  interment.  It  was  very  remarkable  in 
this  difeafe,  that  thofe  who  were  foon  relieved, 
voided  worms,  after  which  the  purple  appeared. 
This  account  was  fent  to  the  academy,  by  M. 
Geojfroy  the  younger  brother. 
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Philosophical  Memoirs  of  the  Royal 
Academy  of  Sciences  at  Paris,  for’ 
the  Year  1715. 

1.  Meteorological  observations  during  the  year 
1714,  at  the  royal  obfervatory  5  by  M.  de 
la  Hire*. 

IObferved  the  exa&  quantity  of  water  which  fell 
in  rain  and  melted  fnow  during  the  laft  year 
1714,  making  ufe  of  the  fame  inftruments,  and 
in  the  fame  manner  as  in  the  preceeding  years; 

I  found  that  the  height  of  water  had  been  during 
the  months  of 
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The  fum  of  the  height  of  water  of  this  whole 
year  is  therefore  177  lines  or  14  inches  9  lines 
which  is  very  far  from  19  inches,  at  which  we 
.have  eitimaced  the  water  which  falls  in  each  mean 
year.  We  may  therefore  fay  that  this  year  has 
been  very  dry,  for  the  three  months  of  June 
July  and  Augujl ,  have  only  furnilhed  about  fix 

*  Jan.  9,  1715, 

inches 
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inches  ;  and  they  very  often  produce  as  much  as 
all  the  reft  of  the  year  *,  but  this  is  comrnonly  by 
ftorms,  and  thefe  fort  of  rains  are  of  nq  firvice  in 
fertilizing  the  earth,  becaufe  they  run  offalmoft 
as  foon  as  they  fall,  and  do  not  penetrate  into 
the  earth.  I  am  perluaded  the  fogs  that  are  formed 
by  vapours  and  exhalations  are  much  more  ufeful 
for  the  ndurifhment  of  plants  than  the  rains  :  as 
there  have  been  a  great  manyverythick  fogs  during 
this  year,  the  harveft  has  been  very  plentiful,  and 
xhe  fruits  have  been  very  well  ripened.  It  is  alfo 
obferved  that  in  thefe  countries,  where  thegreateft 
part  of  the  grounds  are  pretty  damp,  the  dry 
years  are  more  proper  for  the  fruits  of  the  earth, 
than  the  rainy  years  are. 

My  thermometer  which  is  at  48  parts  in  the  bot¬ 
tom  of  the  caves  of  the  obfervatory,  where  it  re¬ 
mains  in  all  weathers  at  the  fame  height,  fell  at 
the  loweft  the  5th  of  February  to  20  £,  which 
does  not  mark  a  great  cold,  for  it  pretty  often  falls 
to  14  parts,  and  prefently  alter  it  rofe  confiderably. 
There  fell  but  very  little  fnow  as  well  at  the  be- 
gining  as  at  the  latter  end  of  the  year.  This  ther¬ 
mometer  rofe  to  64  parts  July  10th  at  lun-rife, 
which  is  the  coldeft  time  in  the  day,  but  at  2  { 
P.  M.  the  fame  day  it  role  to  74  parts,  which  may 
be  looked  upon  as  the  meafure  of  the  greateft  heat 
of  this  leafon  •,  fo  that  the  greateft  heat  of  this  year 
has  only  fur  pa  (Ted  the  mean  ftate,  about  as  much 
as  this  mean  11  ate  has  furpaffed  the  greateft  cold 
which  commonly  happens. 

There  have  been  violent  winds  feveral  times  this 
year,  but  they  have  not  done  any  mifehief  in  com- 
parifon  to  that  which  happened  on  the  coafts  of 
England  and  Flanders.  There  have  been  a  few 
ftorms,  and  fome  thunder,  which  commonly  hap-j 
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pens  in  dimmer,  the  river  has  aJfo  been  very  low 
all  this  feafon. 

The  winds  have  been  very  variable  this  year, 
but  the  north  wind  has  prevailed. 

The  barometer  which  I  ofe  for  my  obfervations 
is  always  placed  at  the  top  of  the  great  hall  of  the 
obfervatory  ;  I  found  the  quickfilver  at  the  higheft 
at  28  inches  5  lines,  December 7,  at  a  calm  and  fog¬ 
gy  time;  and  it  was  at  the  loweft  at  27  inches  i£ 
lines  the  9th  and  10th  of  May .  This  barometer 
has  very  often  been  above  28  inches,  and  at  that 
time  it  has  not  rained,  which  aimed  always  hap¬ 
pens.  I  have  another  barometer  the  quickfilver 
of  which  is  always  3  lines  higher  than  in  this, 
which  1  ufe  for  obfervations,  tho*  it  is  placed  near 
the  other.  The  difference  between  the  greated 
and  lead  height  of  this  barometer  was  15  \  lines, 
and  it  is  commonly  18. 

I  found  the  declination  of  the  needle  at  the  end 
of  December ,  to  be  1 1  degrees  30  minutes  toward 
the  wed,  with  the  fame  needle  of  8  inches  long, 
and  in  the  fame  place  where  I  commonly  obferve 
it. 

II.  On  the  pendulums  that  fwing  feconds  :  by 

M.  de  la  Hire*. 

A  famous  clock-maker  fome  time  ago  propofed 
to  me  a  thought  which  he  had  concerning  our 
great  pendulums  which  mark  feconds  of  time. 
He  faid  that  the  length  of  the  fourcbette  from  its 
iufpenfion  was  too  final  1  to  make  the  vibrations  of 
the  pendulum  equal,  and  that  he  found  it  better  to 
prolong  it  quite  to  the  ball,  for  by  this  means  the 
rod  ot  the  pendulum  could  govern  the  motion  of 
t ho.  fourcbette,  and  at  the  fame  time  the  motion 
*  July  24,  1715. 
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the  fwing  wheel,  and  of  the  whole  clock,  and  that 
the  vibrations  of  the  pendulum  would  always  have 
the  fame  extenfion,  fince  the  arches  of  the  extre¬ 
mity  of  the  fourchette  long  or  fhort  mig:  t  be  the 
fame;  and  befides  he  added,  that  when  the  four-' 
chette  is  fhort,  it  gives  a  bend  to  the  lilk  which 
fuftains  the  rod,  at  the  place  where  it  is  fattened, 
which  would  not  happen  if  the  fourchette  was  very 
long,  and  that  this  bend  may  caufe  fome  irregula¬ 
rity  in  the  vibrations. 

I  anfwer  in  the  firft  place  to  thefe  obfervations, 
that  if  the  four  chette  is  very  long,  it  mutt  have  a 
much  greater  force  in  the  fwing  wheel  which  car¬ 
ries  the  fourchette ,  than  if  it  is  fhort,  to  entertain 
the  motion  of  the  pendulum,  fince  this  fourchette 
will  then  a£t  much  farther  from  the  centre  of  its 
motion,  againft  the  rod  of  the  pendulum,  than 
when  it  is  fhort,  and  to  give  this  force  to  the  fwing 
wheel,  a  very  great  weight  muff  be  put  for  the 
principle  of  motion  of  the  whole  clock,  which  will 
alter  all  the  parts  of  it  in  a  very  little  time ;  for  it 
is  not  the  pendulum  that  has  a  motion  of  itfelf  tc 
entertain  that  of  the  clock,  but  the  clock  muft  en¬ 
tertain  the  motion  of  the  pendulum,  which  at  the 
fame  time  regulates  the  motion  of  the  fourchette. 
which  can  never  be  equal,  and  the  weight  of  the 
ball  of  the  pendulum  will  have  much  more  adlior 
againft  the  (hortfourcbette ,  than  againft  the  lon£ 
one,  fince  the  motion  of  both  of  them  have  theii 
common  axis. 

For  this  reafon  the  length  of  the  fourchette  ha: 
been  the  lead  that  could  be,  to  make  the  clocf 
move  with  a  lefs  weight. 

In  the  fecond  place,  the  bend  of  the  filk,  whicl 
fuftains  the  rod  of  the  pendulum,  is  of  no  confide 
ration,  for  the  rod  of  the  pendulum  has  a  free  mo 
tion  in  the  (lit  of  the  fourchette ,  which  is  alway 
2  •  don 
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done,  therefore  this  confideration  is  of  no  weight. 
For  if  we  would  take  away  the  filk  which  fuftains 
the  rod  of  the  pendulum,  and  put  a  fpring  in  its 
place,  which  fhould  be  pinched  between  the  ex¬ 
tremities  of  the  cycloid,  I  do  not  know  whether 
the  cycloid  could  then  have  the  fame  effedt  upon 
this  fpring  as  upon  the  filk  ;  but  I  know  very  well 
that  the  experiment  which  I  formerly  made  of  a 
likefpring  to  fuftain  the  rod  of  the  pendulum  infor¬ 
med  me  that  it  caufed  in  the  motion  of  the  clock  ve¬ 
ry  great  inequalities,  which  I  could  afcribe  only 
to  the  fpring,  which  becomes  more  (tiff  or  flex¬ 
ible,  according  to  the  different  conftitutions  of  the 
air,  which  hindred  me  from  being  able  to  regulate 
my  clock,  which  I  did  as  foon  as  I  had  taken  this 
fpring  away,  and  put  a  filk  in  the  room  of  it. 
We  muff:  not  pretend  however,  that  this  filk  can 
have  its  effedt  at  firft,  as  we  obferve  when  we  put 
a  new  one,  for  it  muff:  have  fome  days  to  acquire 
all  the  extenfion  of  which  it  is  capable,  which  mud 
determine  the  length  of  the  pendulum,  and  confe- 
quently  the  duration  of  its  vibrations,  whereon 
the  regularity  of  the  clock  depends. 

III.  On  the  mines  of  turquois  -  flones  in 
France  ;  on  the  nature  of  the  matter  found 
there 7  and  the  manner  in  which  they  are 
coloured ,  by  M.  de  Reaumur**  trahfated 
by  Mr .  Chambers, 

Trance  is  not  very  rich  in  mines  of  precious 
ftones,  its  foil  is  rather  fruitful  in  productions 
whofe  value  has  no  dependance  upon  fancy  and 
opinion,  and  yet  is  not  altogether  deftitute  of 
thofe  rare  ftones,  which  by  an  almoft  unanimous 
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confent,  are  fet  at  To  high  a  price.  Our  failing 
is,  that  we  over-lock  our  own  riches.  Perfia  is 
famous  among  us  tor  its  turquoifes ,  and  we  even 
envy  it,  tho’  the  mines  of  that  ftone  are  lefs  fre¬ 
quent  in  Perfia  than  in  our  own  country  ;  nor  are 
the  French  turquoifes  much  inferior  to  thofe 
brought  from  the  taft,  but  in  fome  rcfpedts  more 
worthy  the  attention  of  the  lovers  of  natural  know¬ 
ledge. - This  fhall  be  fhewn  at  large  when 

after  examining  turquoifes  in  the  general,  we  come 
to  a  particular  examen  of  thofe  of  our  owngrowth. 

The  turquois  is  efteemed  the  firfb  among  opaque 
(tones ;  its  colour  is  blue,  which  in  thofe  molt 
valued,  is  neither  deep  nor*  light,  and  is  above  all 
things  to  be  free  of  any  call  of  whitenefs,  that  is, 
as  the  jewellers  exprefs  it,  it  muft  not  refcmble 
ftarch-blue,  but  the  blue  rather  of  verdigreafe  in 
the  lump,  yet  without  any  fenfible  caft  of  green, 
tho5  it  may  border  a  little  upon  the  greenifh. 

’Tis  one  of  thefofteil  among  precious  ftones, 
its  hardnefs  being  fcarce  equal  to  that  of  a  cry- 
ftal,  or  a  tranfparent  flint,  but  fome  of  them  are 
much  fofter  than  others,  the  hardeft  ceteris  pari- 
bus,  are  the  moft  beautiful,  and  this  by  reafon  of 
the  vivacity  of  the  polifh,  which  in  all  ftones  is 
proportionable  to  their  hardnefs  *,  thofe  whofe  co¬ 
lour  is  fine,  and  their  polifh  or  luftre  fprightly, 
without  any  threads,  lpecks,  or  inequalities  on 
their  furface,  and  which  weigh  feveral  carats,  are 
highly  valued.  Rofnel ,  a  jeweller,  in  his  treatife 
of  precious  ftones,  entitled,  Mercure  Indien ,  com¬ 
ing  to  rate  the  feveral  ftones,  put  turquoifes  with 
the  qualities  above-mentioned,  on  the  footing  of 
the  moft  perfect  emeraulds,  that  is  with  diamonds 
themfelves.  Indeed  there  are  few  fuch  found  of 
any  confiderable  bulk  without  failings,  which  make 

a  confiderable  diminution  in  their  value.  The 

*  •  *  ...  ...  .  ■  *  *  •  _ 
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fame  Rofnel  who  rates  the  perfect  ones  fo  high,  on¬ 
ly  values  the  fmaller  ones  which  have  any  other 
faulc  at  a  crown  the  carat. 

The  firft  turquoifes  feen  in  Europe  probably 
came  from  Turky,  and  hence  might  their  name 
arife,  tho*  fome  etymologifts  fetch  it  much  fur¬ 
ther.  5Tis  not  eafy  to  determine  by  what  name 
it  was  called  among  the  ancients :  the  c  ha  rafters 
they  give  of  moft  ftones  are  fuch  as  frequently 
make  it  impoffible  to  know  them,  and  the  pro¬ 
cedure  of  feveral  of  the  moderns  will  make  the 
cafe  much  the  fame  with  pofterity.  How  will 
they  be  puzzled  to  know  what  the  ftone  is,  which 
we  call  turquois,  when  they  read  in  the  book  of 
Burquen ,  a  jeweller  by  profelfton,  that  this  ftone 
is  tranfparent,  and  only  derives  its  opacity  from 
the  collet  it  is  let  in,  for  it  is  certainly  opaque  if 
any  ftone  be  fo.  I  have  broke  feveral  of  them 
to  get  thin  pieces,  and  upon  viewing  fome  of  them, 
fcarce  half  a  line  thick,  againft  the  fun,  could  ne¬ 
ver  perceive  any  fign  of  tranfparency. 

Some  take  this  ftone  for  that  called  by  Pliny 
borea ,  which  he  ranges  among  the  fpecies  of  ja- 
fper  *,  others  will  have  it,  that  which  he  calls 
Calais ,  tho*  he  fays  exprefly,  that  this  laft  ftone  is 
green.  Rofnel  relates  the  manner  of  drawing 
turquoifes  out  of  the  mines  after  the  hiftory,  or 
rather  the  fable,  given  by  Pliny ,  of  the  manner 
of  procuring  the  Calais  of  Sienna \  he  afferts,  that 
this  ftone  is  only  found  on  the  tops  of  fome  rocks, 
made  unaccefiable  by  ice,  and  that  they  beat  them 
down  by  Hinging  ftones  at  them,  whence  it  is  that 
fo  few  of  them  are  found  whole.  Thefe  rocks 
muft  doubtlefs  be  placed  very  favourably,  that  in 
fpite  of  tneir  ice,  the  Calais  or  turquoifes  fhould 
fall  where  they  may  be  taken  up.  Several  other 
dubious  things  have  alio  been  related  as  to  the 

country 
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country  wherein  the  turquoifes  are  found  *,  fome 
have  afierted  that  the  fined  come  from  India. 
Boetius  adds,  that  Spain  produces  them  as  well  as 
Germany ,  and  that  they  are  found  plentifully  in 
Bohemia  and  Silejia.  Tavernier ,  who  was  led  by 
his  commerce  to  inform  himfelf  of  precious  ftones, 
and  who  never  fpared  his  fteps,  affirms,  that  there 
are  only  two  mines  of  turquoifes  known  in  the  eaft, 
and  that  both  of  them  are  in  Perfia .  4,4  One  of 

“  them,  fays  he,  called  the  old  rock  within  three 
44  days  journey  north- weft  of  Meched ,  near  a  large 
44  town  called  Necabourg  ;  the  other  which  is 
44  called  the  new  rock,  is  5  days  journey  off. 
“  Thefe  latter  have  but  a  poor  water  as  border- 
44  ing  too  much  on  white  ;  and  therefore  but  lit- 
44  tie  fet  by,  and  fold  almoft  for  nothing.  But 
44  the  king  of  Perfia  for  feveral  years  paft  has  for- 
46  bid  digging  in  the  old  rock  for  any  perfon  but 
44  himfelf  ;  the  art  of  enameling  on  gold  being 
44  unknown  in  that  country,  he  referves  thefe 
44  ftones  for  the  enriching  of  fabres,  ponyards, 
44  and  the  like,  in  order  whereto  the  turquoifes 
44  are  cut  and  applied  in  collets ,  fo  as  to  form  a 
4‘  fort  of  flowers  and  other  figures,  which  indeed 
44  ltrike  the  eye,  and  are  the  effedt  of  infinite  pa- 
“  tience,  but  without  any  fancy  in  defigning.” 

’Tis  probable  the  old  rock  is  now  exhaufled, 
or  at  leaft  that  the  ftones  are  much  rarer  than  in 
Tavernier' s  time.  In  the  embafiy  lately  fent  by 
the  Sophi  of  Perfa  to  Lewis  XIV.  part  of  the  pre- 
fents  confifted  in  turquoifes,  which  yet  were  all  of 
the  new  rock, as  appears  by  their  colours  bordering 
on  white,  like  thole  mentioned  by  Tavernier  \ 
befides  that  they  do  not  admit  of  a  full  poliffi, 

and  their  fize  being  but  fmall. - In  effect  it 

might  not  be  difficult  for  us  to  fend  finer  and 

larger 
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larger  turquoifes  to  Perfia ,  if  we  would  be  at  the 
pains  of  digging  our  own  mines. 

Jewellers  and  lapidaries  divide  turquoifes,  as 
they  do  all  precious  (tones,  into  oriental  and  occi¬ 
dental,  and  fometimes  into  thofe  of  the  old  and 
new  rock  •,  this  divifion  has  helped  to  keep  our 
(tones  under,  for  they  give  the  eaft,  or  the  old 
rock,  the  credit  of  all  the  perfect  ones,  afcribing 
only  thofe  which  are  of  fmall  value,  to  the  weft  or 
new  rock,  fo  that  if  our  mines  produce  fine  tur¬ 
quoifes,  they  prefently  commence  oriental.  I  gave 
an  able  lapidary  feveral  turquoifes  to  cut,  which  all 
came  out  of  our  own  mines,beingdefrcus  to  know 
what  degree  of  hardnefs  they  had,  what  polifh 
they  would  take  on  the  wheel,  and  what  their  co¬ 
lour  would  be  when  polifhed,  the  lapidary  found 
a  great  difference  between  them,  and  in  propor¬ 
tion  as  he  cut  them,  (hewed  me  which  were  of 
the  old,  and  which  were  of  the  new  rock.  Among 
the  former  there  was  one,  which  tho5  very  fmall, 
yielded  nothing  in  hardnefs  to  any  of  the  (tones  of 
this  kind  its  polifh  of  confequencewas  very  lively, 
and  its  colour  perfectly  fine.  I  reprefented  to  my 
lapidary,  that  thefe  different  pieces  all  came  from 
the  fame  mine,  the  fadt  he  did  not  conteft,  but 
neither  did  he  change  his  language,  and  this  be- 
caufe  a  fine  (tone,  and  a  (tone  of  the  old  rock, 
are  with  them  fynonymous  terms.  Yet  the  effedt 
of  this  way  of  fpeaking  is  to  make  it  believed, 
that  the  (tones  of  our  growth  are  of  no  value,  and 
and  that  our  mines  are  not  worth  working. 

The  mines  in  this  kingdom  which  yield  turquoi¬ 
fes  are  in  the  lower  Languedoc ,  near  the  city  Si- 
more  and  the  country  adjacent ;  as  at  Baillabatz 
and  Laymont ,  as  alfo  towards  Ando,  Gimont ,  and 
Craftes.  Borelli  in  his  antiquities  and  rarities  about 
Caftres ,  mentions  their  being  alfo  found  at  Vents , 
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but  M.  de  Bafville ,  intendant  of  Languedoc ,  could 
notwithftanding  all  his  pains  meet  with  any 
thing  like  them,  nor  is  it  even  known  at  Fenesy 
that  ever  there  had  been  any.  It  is  alio  forgot  at 
Simore ,  when  and  by  what  accident  the  turquoife 
mines  there  were  difcovered,  only  it  is  a  tradition 
that  they  have  been  known  upwards  of  fourjcore 
years;  the  oldeft  author  thatfeemsto  mention  them 
is  'Guy  de  la  Brojfe ,  in  his  treacife  upon  the  nature, 
virtue  and  ufefulnefs  of  plants,  printed  in  1628  ; 
tho’  his  words  are  but  fhort  and  need  a  commen¬ 
tary.  Mentioning  the  mineral  unicorn,  he  refers 
us  to  a  marginal  note,  wherein  he  adds,  u  that 
“  this  unicorn  is  a  ftonefhaped  like  a  horn,  which 
“  being  laid  gradually  on  the  fire  affords  the  true 
turquoife,  it  is  called  the  mineral  unicorn  from 
<c  its  refembling  the  horn  of  an  animal  ”  In  an¬ 
other  place  he  calls  the  mineral  unicorn  the  mother 
of  turquoifes .  Now  it  being  no  common  property 
of  all  mineral  unicorns  to  alfume  the  colour  of  tur¬ 
quoifes,  it  is  probable  the  author  here  fpeaks  of  the 

turquoifes  of  Simore - Be  this  as  it  will,  all  the 

French  authors  upon  precious  ftones,  I  have  feen, 
fpeak  very  negligently  of  our  turquoifes,  and  omit 
what  makes  one  of  the  finefl  articles  in  the  natural 
hiftory  of  this  kingdom,  they  juft  mention  them 
under  the  name  of  turquoifes  of  the  new  rock, 
without  entering  into  any  detail  of  the  nature  of  the 
matter  whereof  they  confift,  the  manner  of  digging 
this  matter  out  of  the  mine,  and  of  giving  it  that 
beautiful  colour,  which  are  the  three  articles  we  here 
principally  propofe  to  examine. 

It  muft  not  however  be  omitted,  that  Berquen 
mentions  thefe  turquoifes  as  procured  in  the  lower 
Languedoc ,  from  a  whitifh  rock,  which  by  heat¬ 
ing  in  the  fire  comes  to  this  blue  colour,  but  this 
is  all  he  fays.  Boccone ,  a  Sicilian  author,  has 
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wrote  on  them  more  at  large,  and  yet  owns  that 
he  learn’d  all  he  knew  of  them  from  a  clockmaker 
of  Lyons.  This  however  is  not  the  only  inftance 
wherein  we  have  been  inftru&ed  by  foreigners, 
as  to  what  is  moft  remarkable  among  us. 

Being  employed  in  defcribing  the  arts  relating 
to  precious  (tones,  I  thought  it  my  duty  to  enquire 
what  there  might  be  of  that  kind  in  this  kingdom, 
but  being  too  far  from  Languedoc ,  and  wanting 
the  conveniences  of  obferving  the  turquoifes  in 
their  own  mines,  the  Abbe  Bignon  was  pleafed  to 
engage  M.  d'lmber  court,  intendant  of  Montauban 
to  fend  me  fuch  pieces  ofthe  (tones  as  I  fhould  need, 
with  anfwers  to  any  difficulties  or  queftions  I  might 
propofe;  this  M.  cflmbercourt  executed  with  great 
exadtnefs,  and  thus  furnifhed  the  firft  materials  tf 
this  memoir. 

Indeed  it  was  time,  more  than  ever,  to  examine 
thefe  mines  to  the  bottom,  as  being  juft  ready  to 
fall  into  oblivion,  from  whence  it  was  not  eafy 
to  refcue  them,  it  being  above  20  years  fince  any 
digging  had  been  in  them;  the  wars,  the  lcarcity 
of  provifions,  with  the  little  value  feton  our  own 
productions,  had  put  a  flop  to  the  working,  a 
complaint  which  now  has  no  place,  his  royal  high- 
nefs  the  duke  of  Orleans  foon  after  reading  this 
memoir  in  a  publick  affembly,  having  given  or¬ 
der  to  M.  le  Gendre,  into  whofe  department  this 
country  was  fallen,  to  dig  up  the  mines,  and  fend 
pieces  thereof  to  the  academy;  this  he  performed 
accordingly,  and  hence  we  have  drawn  new  ob- 
fervations  for  the  perfecting  of  the  piefent  piece. 

There  are  feveral  of  thefe  mines  within  the  ju- 
rifdidtion  of  Simcre ,  and  the  people  of  the  place 
are  fatisfied  that  there  needs  only  digging  to  dif- 
cover  many  more.  Chance  has  always  a  hand  in 
the  difcovery  of  mines,  but  here  it  rnuft  likewife 
Vql.  V.  N°.  48.  O  have 
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have  taught  the  method  how  to  ufe  them.  The 
matter  of  thefe  mines  has  nothing  extraordinary 
in  it  whereby  to  draw  attention;  that  beautiful  blue 
that  pleafes  us  in  the  turquois  being  here  hardly 
vifible,  the  prevailing  colour  is  fometimes  white, 
and  fometimes  like  that  of  the  Venetian  Tripoli. 
Other  precious  dones  come  out  of  their  mine  with 
the  fame  colour  that  they  fhew  when  cut  ;  their 
colour  is  incapable  of  any  addition,  but  may  fome¬ 
times  be  diminifhed,  as  the  faphire  for  indance, 
which  from  a  too  deep  is  brought  down  to  a  pale 
colour  by  fire;  and  by  the  like  means;  a  pale  faphire 
may  be  intirely  dripped  of  colour,  and  brought 
to  the  water  of  a  diamond  ;  our  turquoifes  on  the 
contrary  are  naturally  whitifh  oryellowifh,  not 
unlike  the  colour  of  a  common  building  done,  but 
being  expofed  fome  time  to  the  adlion  of  fire,  in¬ 
dead  of  becoming  whiter  they  take  a  blue  colour, 
— * — an  effect  which  it  was  impodible  to  have  fore- 
feen- - But  ere  we  come  to  the  method  of  co¬ 

louring  this  matter,  it  may  be  proper  to  enquire  a 
little  further  into  its  nature  and  origin. 

It  will  be  thought  very  extraordinary  that  we 
fhould  owe  one  of  our  fpecies  of  precious  dones, 
to  the  great  renverfions  of  the  furface  of  the  earth, 
and  that  this  done  fiiould  anciently  have  been  a 
bony  matter,  and  yet  all  thofe  who  take  the  regu¬ 
lar  figure  of  feveral  ftony  matters,  is  an  indication 
of  what  thofe  matters  originally  were,  I  mean  all 
thofe  who  confider  dones  in  the  figure  of  fhells,  as 
fo  many  petrified  diells,  and  for  indance  th eglojfo- 
petr<f ,  &c.  for  the  teeth  of  fifhes  or  other  animals, 
the  retainers  I  fay  to  this  probable  and  generally 
received  doedrine,  will  hardly  doubt  but  that  the 
matter  of  our  turquoifes  is  bones  petrified,  for 
mod  of  the  pieces  procured  out  of  the  mines  have 
the  figures  thereof. 
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It  is  the  {landing  tradition  of  the  country,  that 
fome  of  them  refemble  bones  of  legs,  others  thole 
of  arms,  and  others  teeth.  No  great  dependance 
it  is  true  ought  to  be  placed  upon  refemblances  of 
figure,  which  are  rarely  examined  with  fufficient 
rigour,  but  there  is  fomething  in  the  tooth-like 
pieces,  which  may  be  pleaded  in  behalf  of  all  the 
reft  of  thofe  which  were  fent  us ;  fome  have  at  leafl 
equal  claim  to  be  in  teeth,  with  any  glojfopetr#  •> 
they  have  all  the  periofteum  or  enamel  thereof, 
which  was  kept  perfectly,  though  the  bony  part 
covered  by  this  enamel,  and  the  root  of  the  tooth 
which  never  had  been  covered  thereby  is  a  meer 
white  Hone,  which  by  the  application  of  fire  turns 
blue  and  becomes  a  turquois*. 

The  figure  of  thefe  teeth  however  is  not  like 
that  of  the  glojfopetrce  ;  the  former  are  flattifh  like 
the  molar es  of  an  animal,  whereas  the  latter  are  a- 
cute  like  infifores .  They  are  fome  of  them  of  a 
prodigious  fize,  I  have  feen  one  almoll  as  big  as 
the  fill,  but  the  fmall  ones  are  much  more 
numerous;  they  often  happen  to  have  a  very  little 
of  the  turquois  matter  in  them,  but  are  much  what 
marcafites,  are  in  other  mines,  they  are  called 
acordingly  by  that  name,  and  are  even  looked 
upon  as  indications  of  metals, there  are  two  fpecies 
among  the  little  teeth  fome  with  four  principal  em¬ 
inences,  difpofed  at  the  four  corners  ofa  fquare-f; 
and  in  thefe,  when  the  fide  oppofite  to  the  emi¬ 
nences,  which  is  that  whereby  the  tooth  adhered 
to  the  jaw  is  not  filled  up  with  matter,  we  find  4 
cavities,  which  open  into  the  4  eminences,  and 
probably  had  received  the  nerves  of  the  tooth||. 

The  other  fpecies  of  fmall  teeth  have  alfo  four 
cavities  on  the  fide  next  the  jaw,  but  they  have 
*  Plate  II.  Fig.  i.  f  Fig.  3  and  5.  ||  Fig.  4. 
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Only  two  eminences  which  are  both  of  them  tri¬ 
angular,  and  the  origin  of  each  is  a  femi-cylindri- 
cal  cavity*. 

The  exadt  figure  of  the  large  teeth  is  very  diffi¬ 
cult  to  learn,  by  reafon  we  very  rarely  meet  with 
them  entire.  M.  de  JuJfieu  has  given  us  a  draught 
of  one  of  them,  formerly  in  the  cabinet  of  M.  de 
Monconys ,  which  is  fomewhat  different  from  thofe 
we  have  leen-f,  and  may  give  us  room  to  imagine 
that  there  are  different  fpecies  among  the  large 
teeth,  as  well  as  among  the  fmall  ones.  I  have  a 
tooth  dug  from  a  mine  by  M.  de  Gifcaro  a  gentle¬ 
man  of  Simcre ,  which  is  in  figure  of  a  cone  fome¬ 
what  bent  like  thofe  ufed  by  gilders  ;  it  has  but 
one  aperture  for  the  infertion  of  the  nerve.  No 
doubt  in  fine  can  remain,  but  that  the  bony  parts 
of  certain  teeth  petrified  form  our  turquois  mines, 
tho*  it  may  be  quefiioned  what  the  animals  are  to 
which  thefe  teeth  belong.  This  at  prefent  I  am 
not  prepared  to  determine,  perhaps  it  may  be 
found  hereafter,  as  the  fifhes  have  at  length  been 
difcovered  from  whence  the  gleffo  petr#  or  fup- 
pofed  ferpents  tongues' arofe.  It  is  likely  our  teeth 
belonged  alfo  to  fome  fea  animals,  there  being  no 
terreftrial  ones  known  with  any  thing  like  them. 
It  is  probably  from  the  bones  of  the  lame  animal, 
that  the  other  turquoifes  arife,  whofe  figure  is  dif¬ 
ferent  from  that  of  teeth.  It  is  affirmed  that  pie¬ 
ces  have  been  found  of  this  kind  weighing  ioo  lb. 
but  thefe  were  extraordinary.  Two  of  the  laft  that 
were  found  weigh’d  each  about  15  pound,  it  is 
difficult  to  get  them  out  of  the  earth  entire,  as  be¬ 
ing  very  brittle  and  foftifh;  add  that  they  are  foak- 
ed  with  moiffure  as  ftones  commonly  are  in  the 
quarries,  but  may  be  diftinguifhed  in  their  bed  by 
their  oblong  figure,  and  the  roundnefs  of  their  cir- 
*  Fig.  6  and  7.  -J-  Fig.  17  and  18. 
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cumference ;  their  thicknefs  is  ufually  equal  to 
that  of  the  arm, and  their  length  to  that  of  the  leg  or 
thigh. From  this  long  and  roundifh  figure  probably 
arole  their  name  of  mineral  unicorn  ;  though  Borel 
calls  them  petrified  bones. 

If  their  external  figure  were  not  enough  to  prove 
them  to  have  really  been  bones,  an  examination 
of  their  fubflance  would  put  the  matter  out  of 
queftion.  It  appears  at  firfl  fight  different  from 
other  Hones,  and  feems  rather  to  refemble  ivory 
or  other  bony  matter ;  its  polifh  is  between  that 
of  a  pebble  and  a  bone,  yet  notwithftanding  fuch 
polifh  it  flicks  to  the  tongue  like  a  bone.  Upon 
a  nearer  infpedtion  it  appears  compofed  of  feales 
or  layers,  which  however  is  no  diflinguifhing  cha- 
radter  but  a  flruclure  common  to  bones,  and  to  the 
whole  clafs  of  foliated  flones.  But  this  is  peculiar  to 
it,  that  thefe  lamina  only  ferve  as  it  were  to  form 
the  mould  wherein  the  proper  matter  of  the  Hone 
is  caff,  and  the  more  fenfible  thefe  lamina  arc, 
the  lefs  perfect  is  the  turquois,  that  is,  the  lefs  ma¬ 
ture*.  The  workmen  frequently  find  whole  veins 
which  are  ufelefs  on  this  account,  and  which  upon 
laying  pieces  of  them  on  the  fire  divide  into  thin 
feales,  as  not  having  received  enough  of  the  flony 
matter,  to  bind  them  firmly  together,  but  there 
are  other  differences  between  the  difpofitions  of  the 
layers  of  fome  pieces  of  turquois,  and  thofe  of  o- 
ther  flones ;  for  upon  breaking  fome  of  thofe 
wherein  the  layers  are  mod  fenfible,  the  edge 
where  thofe  layers  terminate  appears  formed  of  a 
multitude  of  roundifh  flutings,  by  reafon  the  ex¬ 
tremes  of  each  layer  are  round,  whereas  thofe  of 
the  true  foliated  flones,  as  flate,  talc,  £sxV.  are  al¬ 
ways  fharp.  Fach  layer  of  the  turquois  feems  as 
if  compofed  of  tubes,  placed  clofe  to  each  other, 
*  Fig.  8  and  9. 
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and  that  to  break  them  is  to  feparate  two  of  thefc 
tubes*. 

A  further  difference  fometimes  obfervable  in  the 
Jlrata  is  that  their  contours  are  waved  or  curled, 
whereas  thofe  of  other  ftones  are  redlilinear,  or  at 
leaft  maintain  a  continued  curvity, which  mud  needs 
be  the  cafe  in  all  ftones  formed  by  the  meer  appo- 
fition  of  parts.  I  have  likewife  obferved  fome 
pieces  of  turquois,  where  the  edges  of  each  layer 
feemed  formed  of  a  multitude  of  different  parts, 
feparated  from  each  other  by  regular  intervals, 
which  agrees  very  well  with  the  arrangement  of  the 
cells  of  bones.  I  have  even  known  fome  where 
the  horizontal  layers  were  all  regularly  interfered, 
by  vertical  ones,  the  edges  of  each  being  compos’d 
of  feparate  parts  about  the  bignels  of  large  points. 
In  fine,  there  are  fome  veins  of  matter  worthlefs 
in  themfelves,  but  whofe  very  defedt  may  ferve 
to  difcover  their  firft  origin;  upon  laying  them  on 
the  fire  they  become  full  of  little  holes  or  apertures 
which  bear  a  near  refemblance  to  the  little  holes 
and  cells  found  in  bones  calcined,  or  expofed  long 
to  the  air.  Thofe  here  mentioned  are  fuch  as 
have  not  been  filled  with  a  matter  capable  of  re¬ 
filling  the  fire. 

Rofntl  charges  all  our  turquoifes  with  being  full 
of  fpccks,  and  filaments,  and  by  this  he  diftin- 
gui flies  them  from  thofe  of  Perfia ,  whereas  in 
reality  this  only  diflinguifhes  fuch  of  them  as  are 
not  arrived  at  the  maturity  of  the  reft,  the  ftreaks 
and  filaments  being  only  vifible  in  thofe,  the  in¬ 
tervals  of  whofe  leaves  are  not  fufficiently  filled 
with  the  ftony  matter.  Thefe  filaments,  when 
viewed  by  the  microfcope,  fhew  the  thicknefs  of 
the  layers,  and  always  affedl  the  fame  diredlion. 

*  Fig,  io. 
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Stones  like  thofe  now  defcribed  being  found 
near  the  furface  of  the  earth,  have  'ufually 
pall  for  indications  which  determined  them  to 
dig  farther  in  hopes  of  arriving  at  veins  of  a  like 
matter,  only  more  mature.  Thofe  hitherto  dis¬ 
covered  are  on  little  eminences  in  wafte  fandy 
grounds,  but  few  of  them  were  come  at  without 
firft  digging  a  deal.  They  were  ufually  obliged  to 
remove  a  layer  of  common  earth,  2  or  2  feet  \ 
thick,  under  which  they  met  with  alternate  beds 
of  find  and  rock,  and  they  rarely  reach  the  mine, 
till  they  had  dug  upwards  of  50  feet  deep,  tho* 
the  limits  of  the  digging  are  no  more  certain  here 
than  in  other  kinds  of  mines. 

The  fand  which  firft  prelents  itfelf,  after  remov¬ 
ing  the  external  foil  is  like  river  fand,  both  as  to 
fize  and  colour ;  after  this  comes  another  which 
fhews  there  is  a  vein  behind,  it  is  finer  than  the 
former,  and  of  a  browner  colour,  though  fome- 
times  it  is  found  blueifh;  each  colour  is  look’d  on 
as  a  happy  fign  of  a  mine  underneath,  whofe  bafe 
is  a  whitifh  earth  called  by  the  workmen  Beaume , 
the  pieces  are  furroundcd  with  a  cruft  of  the  fine 
fand,  and  little  (tones  intermixed. 

To  purfue  the  mine  when  found  they  dig  vaults 
under  ground,  fuftained  by  pillars  to  prevent  the 
falling  in,  the  greateft  obftacle  they  ufually  meet 
with  is  water, which  fometimes  difables  them  from 
purfuing  the  mine,  and  fometimes  hinders  their 
arriving  at  it. 

The  veins  of  this,  as  of  other  mines,  contains 
fometimes  more  and  fometimes  lefs  matter,  fome 
of  them  are  four  or  five  inches  broad,  fome  more 
and  others  lefs,  and  there  is  the  like  diverfity  in  the 
richnefs  of  the  matter,  that  is  in  its  difpofition  to 
become  fine  turquois.Not  only  the  matter  of  diifer- 
rent  mines,  but  even  of  different  parts  of  the  fame 

,  mine. 
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•mine,  differ  much  in  their  colour,  fome  of  then 
being  of  a  yellowilli  white,  others  white  bordering 
on  carnation,  and  others  upon  brown  or  greyifh, 
This  lafl  coloured  (tone  is  molt  valued  ;  but  be 
the  colour  what  it  will,  it  is  always  very  different 
from  that  of  the  future  turquois,  which  is  to  be 
given  it  by  fire,  but  before  they  expofe  it  thereto, 
it  is  left  in  the  open  air,  till  it  is  dry  enough  tc 
flick  to  the  tongue. 

To  make  it  take  the  fine  colour,  they  heat  it  in 
a  furnace  of  a  peculiar  make  *.  It  is  much 
longer  than  broad,  being  ufually  8  feet  one  way, 
and  i  foot  3  inches  the  other  *,  its  height  or  depth 
1  foot  and  4  or  5  inches.  At  one  end  is  an  aper¬ 
ture  of  the  whole  height  and  breadth  of  the  fur¬ 
nace^  •,  and  by  this  the  matter  is  put  in.  It  is 
heated  by  a  reverberatory  fire,  the  hearth  whereon 
the  wood  is  laid  being  at  the  other  end,  at  which 
place  the  floor  of  the  furnace  is  difeontinued.  Its 
cavity  taken  from  top  to  bottom  is  20  inches  more 
than  elfewhere,  which  holds  for  about  two  feet 
of  the  length  of  the  furnace  ;  for  the  reft,  the 
breadth  and  covering  are  the  fame.  At  bottom 
is  a  fquare  aperture|j,  about  10  inches  every  way, 
thro’  which  the  fuel  is  put.  The  flame  riflng  to 
the  roof,  or  vault,  is  driven  back  upon  the  place 
where  the  mineral  is  laid,  and  to  prevent  the  flame 
from  touching  it  ere  it  have  rofe  from  the  bottom 
of  the  furnace,  there  is  a  ledge  fome  inches  high 
at  the  end  of  a  floor**.  The  fame  furnace  has 
another  aperture  in  the  nature  of  a  window,  about 
8  inches  fquare'f'f.  This  is  ufually  flopped  with 
a  brick,  being  only  to  be  opened  on  particular 
occafions.  It  is  an  efpecial  caution,  that  the  mi- 

*  Fig.  19  and  20.  t  Fig.  19.  A. 

||  Fig.  19.  D.  *♦  Fig.  20.  II. 

it  Fig.  19.  E. 
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neral  be  only  heated  by  degrees.  If  this  be  done 
too  haftily,  iiich  of  it  as  is  diipofed  to  part,  will 
fall  into  feales ;  and  even  the  reft  will  break  into 
.  little  pieces.  The  moifture  which  feparates  the 
layers,  requires  to  be  evaporated  (lowly,  nor  will 
all  the  matter  luftain  an  equal  quantity  of  heat, 
fome  of  it  taking  the  blue  much  eafier  than  other. 
To  give  the  fuitable  degree  of  heat  to  all,  they 
place  them  in  a  kind  of  earthen  flippers*  about  8 
inches  long,  and  of  luch  breadth  as  that  2  of 
them  may  be  placed  afide  each  other  in  the  fur¬ 
nace.  Thefe  flippers  may  be  confidered  as  a  fort  of 
mufflers,  like  thofe  wherein  refiners  place  their 
cupels  and  crucibles,  though  with  an  aperture 
much  fmaller.  Two  of  thefe  flippers  being  placed 
at  the  entrance  of  the  furnace,  are  left  there  half 
an  hour  •,  after  which  they  are  advanced  a  length 
further,  and  two  others  put  in  the  room  of  the 
former  ;  and  thus  they  continue  advancing  them 
every  half  hour  towards  the  place  of  greateft  heat, 
and  place  new  ones  in  their  room. 

It  has  been  obferved,  that  all  the  matter  does 
not  take  the  colour  equally  quick  ;  and  hence 
they  are  obliged  to  take  fpecial  notice  of  the  fe- 
veral  changes  which  happen  in  each  flipper.  In 
order  hereto  they  take  pieces  out  with  a  little  fho- 
velft,  and  bringing  them  to  the  mouth  of  the 
furnace  judge  hereby  of  the  condition  of  the  reft 
in  the  fame  flipper,  and  accordingly  either  ad¬ 
vance  it  further,  or  leave  it  in  its  place,  as  they 
judge  proper.  Some  of  the  matter  will  take  its  co¬ 
lour  in  two  hours,  or  even  lefs ;  others  require 
four  or  five  hours  ;  the  moft  obftinate  is  lome- 
times  put  in  at  the  fquare  aperture,  or  window, 
that  it  may  be  nearer  the  main  heat.  Though  a 

*  Fig.  21.  f  Fig.  23. 
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furnace  be  neceffary  to  the  operators,  who  have  a 
great  deal  of  the  mineral,  and  this  mineral  of 
different  qualities  to  be  coloured  at  the  fame  time, 
thofe  who  have  only  experiments  to  make  in  little, 
or  would  try,  for  inftance,  whether  a  piece  of 
mineral  be  of  turquois  or  not,  may  make  fhift 
without  a  furnace.  The  hearth  of  a  common 
chimney  may  fuffice,  and  a  pipe’s  head  has  fome- 
times  ferved  me  for  a  crucible.  I  had  nothing  to 
do,  but  put  the  pieces  I  would  colour  therein,  re¬ 
move  the  cinders  from  the  hearth,  let  my  little 
crucible  down,  furround  it  on  all  fides  with  light¬ 
ed  coals,  tho’  not  fo  clofe  as  to  touch  it.  I  ufually 
took  the  pipe  out  for  the  firft  time  when  it  begun 
to  turn  red,  and  examined  whether  any  change  was 
befallen  in  the  colour  of  the  matter. 

This  I  found  by  experiment  was  neceffary  to  be 
well  attended  to,  for  the  fire  which  gives  the  blue 
colour,  takes  it  away  again  if  too  long  expofed 
thereto  ;  the  blnenefs  of  the  ftones  increafes,  and 
takes  fhades  (till  higher  and  higher,  till  arrived  at 
a  certain  point,  after  which  it  begins  to  diminifh 
again,  and  if  continued  in  the  fire,  grows  continual¬ 
ly  paler  and  paler,  till  at  length  it  difappears,  and 
either  takes  an  ugly  greenifh  caff,  or  a  yellowifli 
or  blackifh  one,  nothing  like  that  of  the  turquois. 
It  would  be  eafy  to  know  when  ’tis  time  to  take  a 
ffone  from  the  fire,  if  all  of  them  were  fufceptible 
of  the  fame  degree  of  blue,  fince  nothing  would 
be  here  required  but  to  compare  them  with  a  ffone 
of  a  fine  colour;  but  the  maximum ,  to  ufe  a  geo¬ 
metrical  term,  of  the  blue  of  one,  is  not  the  maxi¬ 
mum  of  the  blue  of  another ;  and  the  beft  we  can 
do  is  to  take  frequent  famples  out  of  the  fire, 
when  they  come  to  a  tolerable  colour  there  is  no 
great  harm  in  letting  fuch  ftones  loofe  their  co¬ 
lour,  as  only  take  a  very  weak  one. 
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The  blue  of  th zPerfian  turquoifes  is  no  more 
proof  againd  fire,  than  that  of  ours.  I  have  ga¬ 
thered  feveral  broken  pieces  of  thefe  oriental 
turquoifes  among  the  lapidaries,  and  putting  them 
in  pipe-heads,  and  expofingthem  to  the  fire,  found 
their  colour  ufually  difappear  in  lefs  than  a  quar¬ 
ter  of  an  hour. 

A  done  does  not  take  colour  equally  through¬ 
out  all  its  parts,  not  being  difpofed  to  attain  their 
refpedlive  colours  with  equal  quicknefs,  which  is  one 
reafon  why  large  turquoifes  are  fo  very  rare,  when 
fo  many  of  them  are  taken  out  of  the  mine.  Thefe 
mud  be  kept  on  the  fire  longer  than  others,  that 
they  may  colour  to  the  centre,  which  occafions  the 
fpoiling  of  great  numbers  ;  add,  that  the  heat  of 
the  fire  frequently  cleaves  them  into  feveral  pieces, 
which  is  another  reafon  of  their  rarenefs.  It 
would  alfo  endanger  the  fplitting  even  of  thofe 
pieces  which  had  bed  bore  the  fire,  if  they  were 
expofed  too  fuddenly  to  the  naked  air  ;  they  re- 
quire  to  be  cooled  with  much  the  fame  precauti¬ 
ons  as  they  did  to  be  heated,  tho’  at  Simore  they 
contented  themfelves  with  cading  hot  afhes  upon 
the  flippers,  and  covering  the  turquoifes  therewith 
ere  they  took  the  flipper  out  of  the  fire,  and  let¬ 
ting  them  cool  under  fuch  afhes. 

The  pieces  of  mineral  have  fometimes  another 
defe6t  which  does  not  appear  on  their  outfide,  be¬ 
ing  divided  into  feveral  parts  by  thin  interdices, 
lined  with  a  blackifii  matter,  which  ufually  forms 
a  kind  of  figures  in  low  relievo ,  a  defedl  which 
natural  ids  may  perhaps  take  for  a  curiofity.  The 
figures  reprefented  by  this  black  matter  came  near¬ 
ed  thofe  little  dars  which  give  the  name  to  a  kind 
of  a  debate  done**  tho*  the  turquois  figures 

*  Fig.  13,  and  14* 
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are  fofnewhat  lels  regular  and  thicker  withal.  I 
have  fotne  pieces  wherein  this  black  fubfhnce  ex¬ 
hibits  little  plants  fcarce  a  line  long,  yet  withal 
their  ramifications  very  regularly  drawn  *".  Where 
the  liars  are  Hill  fmaller,  and  very  near  each  other, 
in  fome  other  Hones  the  black  matter  is  much  thin- 
ner,fo  as  not  to  afifume  any  regular  figure,  and  yet 
fpoils  the  turquois  neverthelefs. 

5Tis  very  natural  to  enquire  why  fire  fhould 
give  the  turquois  matter  a  blue  colour,  which  ac¬ 
cordingly  we  fhall  now  proceed  to  confidtr,  and 
we  do  it  the  more  willingly  as  we  find  no  occafi- 
on  for  recurring  to  vejy  obfcure  cauks,  nothing 
to  require  from  the  infenfible  particles  lo  frequent¬ 
ly  called  upon  for  folving  moil  phyfical  phenome¬ 
na. - In  defcribing  the  matter  of  the  turquois, 

fuch  as  it  comes  from  the  mine,  we  omitted  to 
mention  a  multitude  of  points,  lines,  and  veins, 
wherewith  it  appears  interfperfed  when  broken'f'; 
thefe  fpecks,  veins,  &c.  are  of  a  colour  which 
borders  on  black,  but  what  ferves  to  unravel  the 
difficulty,  this  black  has  a  bluiffi  call,  and  appears 
much  like  a  deep  blue.  When  laid  extremely 
thick  the  bluenefs  is  particularly  vifible  in  thole 
pi  ices  where  the  layers  are  very  thin  ;  and  upon 
pn rfuing  the  fmall  threads  with  a  microfcope,  we 
find  them  all  bluiffi  at  laH. 

Now  thefe  points  and  veins  may  all  be  confi- 
dered  as  fo  many  cells  filled  with  a  proper  matter 
for  colouring  the  turquois,  they  are  in  effect  the 
cells  of  bones,  which  in  lieu  of  being  pofTeffed  by 
the  flony  juice,  have  been  filled  with  a  bluifh 

matter.* - All  therefore  that  remains  to  give 

the  Hone  an  equal  tinfture  throughout,  is  to  pene- 

*  Tig.  15  and  16,  f  Tig.  11  and  12. 
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trate  it  with  fome  fluid,  which  without  deftrov- 
ing  its  texture,  may  diffolve  the  bluifh  matter 
contained  in  thofe  cells,  and  diffufe  it  thro’  the 
whole  fubftance  of  the  ftone. 

And  fuch  diffolvant  is  the  fire,  let  it  not  be 
wondered  that  I  ufe  the  fire  as  a  diffolvant  of  co¬ 
lours,  when  none  but  aqueous  or  oily  liquids  are 
commonly  ufed  for  that  purpofe,  fince  the  diffe¬ 
rent  colours  wherewith  flame  is  tinged,  are  fufff- 
cient  proof  that  it  diffolves  them.  Why  may  not 
fire  be  faid  to  diffolve  verdigreafe  as  well  as  wa¬ 
ter,  when  we  find  the  flame  of  wood,  or  other 
matter  painted  with  verdigreafe  green,  as  well  as 
the  water  wherein  fuch  matter  is  fteeped,  to  pro¬ 
cure  a  flame  infallibly  green  ?  We  need  only 
tinge  a  piece  of  paper  with  verdigreafe,  either 
fluid  or  in  powder,  and  fet  fire  to  it,  and  M.  Ma- 
riotte  obferves,  that  upon  throwing  a  bundle  of 
the  parings  of  the  edges  of  hats  into  the  fire, 
there  firft  arifes  a  white  flame,  and  then  a  feries  of 
blue,  green,  and  violet  colours ;  the  firft  flame  is 
the  colour  of  the  fluff,  the  other  colours  arife  from 
the  mixture  of  verditer  with  other  drugs  ufed  in 
the  dying  of  hats. 

After  the  like  manner  we  may  fuppofe,  that 
the  fire  which  penetrates  the  ftone  fo  as  to  turn  it 
red,  diffolves  or  even  loofens  the  matter  lodged  in 
the  cells,  and  carries  it  along-  in  the  feveral  tradts 
through  which  itfelf  paflfes,  leaving  fome  ofit  in 
every  part  of  the  way,  by  which  means  what  was 
before  colledted  in  little  maffes,  is  now  diftributed 
through  the  whole  fubftance  of  the  ftone. 

Nor  need  it  be  apprehended,  that  the  blue  mat¬ 
ter  lodged  in  the  little  cells  fhould  not  fuffice  to 
dye  the  whole  ftone.  Colours  admit  of  a  prodigi¬ 
ous  extenfion,  and  it  is  furprifing  after  what  infi¬ 
nite  divifion  they  are  ftill  fenfible.  Mr.  Boyle 
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gives  us  a  calculus  hereof  in  his  treat!  fe  of  the  fub- 
tilty  of  effluvia.  A  grain  of  copper,  he  finds  ca¬ 
pable  of  giving  a  blue  colour  to  28,534  grains  of 
water  ;  or  which  amounts  to  the  fame,  a  grain  of 
copper  will  colour  a  bulk  of  water  256,806  times 
greater  than  itfeif. 

It  is  even  probable,  that  if  the  quantity  of  blue 
matter  in  the  mineral  were  greater,  or  lodged  in 
greater  cells,  it  will  give  lefs  colour  to  the  turquois. 
We  have  obferved  that  a  paper  covered  with  ver- 
digreafe  yields  a  green  flame,  but  if  the  layer  of 
verdigreafe  be  too  thick,  or  if  a  piece  of  verdi- 
greafe  the  bignefs  of  a  pea  be  inclofed  in  the  paper 
the  flame  will  take  nothing  of  its  colour,  nor  would 
the  flame  be  tinged,  when  I  call  a  large  piece  up¬ 
on  lighted  wood,  though  it  always  was  when  I 
threw  it  powdered  thereon.  The  fire  which  is 
able  to  dififolve  and  carry  off  the  powder,  cannot 
compafsa  large  mafs,  as  a  torch  may  melt  filver- 
wire,  tho’  too  weak  to  dififolve  a  large  bar  of  the 
fame  metal. 

What  has  been  faid  of  the  blue  matter  may  be 

confirmed  from  fome  further  obfervations - 1 

took  feveral  pieces  of  the  crude  turquois,  fome 
whereof  had  (lore  of  fpecks  and  veins  filled  with 
the  bluifh  mattter,  and  others  fcarce  any  apparent 
ones  ;  thefe  being  expofed  to  the  fire,  I  always 
found  that  fuch  as  had  the  mod  coloured  points, 
took  the  fined  colour,  as  having  an  ampler  fund 
of  the  dye  ;  fome  pieces  which  had  fcarce  any  vi- 
fible  points,  and  probably  had  but  few  invifible 
ones,  fcarce  took  any  bluenefs  at  all,  which  is  per¬ 
fectly  agreeable  with  what  was  wrote  us  from  Si- 
more ,  as  to  the  different  quality  of  the  fiones  5 
thofe  noted  for  the  bed  were  of  a  grey  colour, 
where  the  white  prevailed  lefs  than  in  the  red.  A 
multitude  of  points  of  a  deep  blue  placed  near  each 

other 
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ther,  and  feparated  by  white  afford  a  blue  grey, 
olour.  Accordingly  our  iron  grey  fluffs,  which 
eally  area  blue  grey,  are  made  of  a  mixture  of  blue 
nd  white  wool. 

I  have  not  only  obferved,  that  among  feveral 

*  4.  ) 

>ieces,  thofe  which  had  mofl  veins  or  points  of  a 
leep  blue  attained  to  the  fineh  colour,  but  that  the 
daces  near  the  blue  veins  or  points  took  more  co- 
our  than  thofe  further  off;  the  obfervation  was 
aly  to  make,  noting  fome  of  the  more  remarkable 
feins  or  points,  before  the  hone  was  put  in  the 
ire.  Yet  fome  pieces  of  ftone  I  have  met  with, 
ivhich  tho5  they  had  but  few  vifible  fpots,  came  to 
l  tolerable  colour;  but  all  we  can  hence  infer,  is 
:hat  the  dye  happened  here  to  be  diftributed  in  ve- 
•y  fmall  particles. 

The  colour  of  the  fpecks  and  veins  commonly 
'emains  deeper  than  that  of  other  parts  of  the  ftone, 
ind  hence  it  frequently  happens  that  the  colour  of 
3ur  turquoifes  is  not  equal  throughout ;  there  are 
feveral  of  them  fet  wherein  the  veins  and  points  are 
[fill  diftinguifhable,  by  the  difference  of  fhades  ; 
whence  it  follows  that  the  beh  mine  is  that  where 
the  colouring  matter  is  diflinguifhed  in  the  fmal- 
lefb  parcels,  and  neareft  each  other  thefe  veins 
however  are  not  held  any  defect  in  the  turquoifes, 
provided  their  polifh  be  not  altered  thereby,  and 
they  are  even  prized  in  turquoifes  of  the  old  rock  ; 
but  it  fometimes  happens  that  hones  whole  points 
or  veins  are  too  large,  take  an  ill  polifh,  by  reafon 
their  furface  is  filled  with  feveral  inequalities  and  a 
multitude  of  little  cavities,  for  the  cells  which  had 
been  filled  by  the  blue  colour  are  left  empty,  when 
the  hone  is  taken  from  the  fire,  and  hence  their 
cavities  are  the  more  confpicuous  as  they  had  con¬ 
tained  more  matter. 
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Boccone  attributes  the  change  of  colour  in  th 
turquois  to  a  kind  of  vitrification,  not  confiderin< 
that  a  degree  of  heat  much  too  feeble  to  viirify  th 
matter  would  give  it  a  blue  caff.  To  fupport  hi 
account  he  mentions  fome  lime  ftones  in  Sicily 
which  turn  blue  in  the  burning;  this  fad:,  thougl 
no  proof  of  what  he  aflerts,  is  yet  remarkable,  a 
it  fhews  thatfeveral  common  ftones  may  be  ftain’c 
blue,  like  the  mineral  turquois. 

The  matter  which  tinges  our  turquoifes  is  pro¬ 
bably  found  in  great  abundance  in  the  country 
about  Simore  ;  we  have  cryftallizations  from  thence 
of  a  beautiful  blue  colour,  which,  were  they  more 
tranfparent,  might  be  ranked  among  faphires ;  but 
feem  now  rather  of  the  nature  of  the  ftone  called 
by  Boccone  the  ftony  and  blue  concretion  of  Ti¬ 
rol.  Its  figure  he  compares  to  that  of  pieces  of 
tartar,  which  alfo  fuits  with  our  cryftallizations, 
and  he  adds  that  fome  merchants  fell  them  for  tur¬ 
quoifes  ;  the  like  of  which  fome  people  pretend  to 
do  by  our  cryftallizations,  though  an  ordinary  eye 
will  eafily  diftinguifli  them. 

It  muft  be  added  that  the  fire  not  only  gives  the 
turquois  its  colour  but  increafes  its  hardnels,  either 
by  filling  up  feveral  fmall  interftices  therein  by  the 
dye,  or  by  exhaling  fome  fuperfluous  moifture, 
which  kept  the  parts  afunder,  or  by  adding  fome 
of  its  own  fubftance  thereto  as  we  find  it  do  in  fome 
other  cafes.  It  is  at  leaft  certain  that  the  crude 
ftone  is  much  tenderer  than  that  brought  to  the  co¬ 
lour,  rubbing  one  of  them  againft  the  other,  the 
latter  will  make  fcratches  in  the  former,  but  re¬ 
ceive  none  from  it. 

A  pafiage  of  Gay  de  la  Brojfe  quoted  at  the  be¬ 
ginning  of  this  memoir,  led  us  to  make  fome  ex¬ 
periments  upon  the  mineral  unicorn,  fuch  as  com¬ 
monly  is  found  in  the  fhops.  That  which  we  us’d 

was 
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was  much  fofter  than  the  mineral  turquois,  and 
withal  was  whiter,  having  fcarceany  blue  fpots  or 
veins,  accordingly  the  fire  fcarce  brought  it  to  any 
fenfible  bluenefs,  though  it  encreafed  its  hardnefs. 

The  coloured  matter  which  fills  the  cells  of  the 
turquois,  and  afterwards  tinges  the  whole  (lone,  is 
doubtlefs  a  mineral,  but  whether  it  be  a  meer  mi¬ 
neral,  as  Colbet ,  or  the  matter  whereof  an  azure  or 
zafre  is  made,  which  gives  the  fine  blue  to  China 
and  Delphi  ware,  or  whether  it  be  a  metallic  fub- 
(lance,  is  a  point  i  am  not  yetfatisfied  about,  tho 
the  matter  which  tinges  our  turquoifes,  feems  to 
me  different  from  that  which  tinges  the  Perfian 
ones. 

If  our  turquois  mines  were  wrought  again,  and 
obfervation  made  of  the  nature  of  the  foil  about 
them,  it  is  probable  mines  would  be  difcovered  of 
the  mineral  which  furnifhes  this  beautiful  blue,  and 
no  doubt  but  it  would  pay  richly  for  the  expence 
of  the  purfuit.  The  mines  which  yield  the  azure 
and  zatre  are  very  profitable  to  Germany ,  and  thofe 
near  St.  Mary  in  Alface  afford  a  confiderable  in¬ 
come  to  France. 

At  fit (l  1  fufpedled  that  our  turquoifes  might  de¬ 
rive  their  colour  from  copper,  a  metal  very  fit  to 
give  blue  and  green,  which  m  ikes  diffolutions  of 
filverjoluifh,  and  probable  gives  the  colour  to  eme¬ 
ralds.  Some  credible  authors  affirm  that  upon 
rubbing  them  on  a  touchflone  they  leave  yellow 
marks,  like  thofe  of  a  copper  matter,  but  the  ex¬ 
periment  never  fuceeded  with  me  either  in  tur¬ 
quoifes  or  emeralds. 

But  the  dye  of  a  turquois,  I  found  might  be  dif- 
charged  like  that  of  coral;  of  all  the  diffolvants  I 
tried  with  this  view  diddled  vinegar  anfwered  the 
bffi  ;  if  a  piece  of  turquois  be  deeped  herein  for 
t  -vo  or  three  hours,  its  corners  will  be  turned  white 

Vol.V.  N°.4S.  and 
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and  in  two  or  three  days  all  the  outfide  of  the  ftone, 
and  even  almoftall  its  infide  will  come  to  the  fame 
colour.  At  the  fame  time  that  the  vinegar  takes 
away  the  colour,  it  caufes  fome  folution  of  the 
ftone,  which  accordingly  we  find  coloured  with  a 
kind  of  white  cream,  compofed  of  particles  fepa- 
rated  therefrom.  The  juice  of  citron  does  like- 
wife  diffolve  this  ftone,  but  it  only  weakens  their 
colour,  and  what  is  found  under  the  kind  of  cream 
abovementioned,  is  blue  when  the  ftone  is  laid  in 
this  juice. 

As  to  aqua  fortisand  aqua  regia,  they  diffolve 
the  fubftanceof  the  ftone  very  readily,  but  are  not 
fo  fit  to  extract  its  dye  ;  they  afford  us  however  a 
method  of  diftinguifhing  the  Perfian  turquoifes 
from  thofe  of  French  growth  ;  for  aquafortis  does 
not  aft  at  all  upon  the  former,  and  hence  it  follows 
that  the  two  ftones  tho’fimilar  in  appearance,  are 
of  a  different  nature,  but  no  confequence  hence  is 
to  be  drawn  to  the  difadvantage  of  ours,  as  if  they 
were  fofter  than  the  other,  for  aqua  forth  which 

preys  upon  iron  has  no  effed:  on  wax. - Aqua 

regia  alfo  ads  differently  on  the  two  ftones,  for  it 
diffolves  ours  entirely,  and  reduces  thofe  o  $  Per  ft  a 
into  a  kind  of  pafte,  much  whiter  than  the  turquois 
was,  tho*  not  altogether  deftitute  of  its  blue  colour. 
One  might  almoft  fufped:  that  there  is  gold  in  the 
dye  of  the  Perfian  turquois,  at  leaft  there  muft  be 
fome  matter  which  aqua  regia  ads  on,  but  ads  af¬ 
ter  the  fame  manner  as  upon  a  mafs  or  mixture  of 
gold  and  filver. 

But  the  great  failing  of  all  thefe  ftones  is,  that 
they  will  change  their  colour,  without  any  other 
diffolvant  than  time  and  the  air  *,  thus  we  find  their 
blue  colour  gradually  take  (hides  which  border  on 
green  untill  they  become  greenifh,  and  at  length 
down  right  green  *,  whereas  the  colours  of  other 
i  precious 
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precious  ftones  is  immutable.  When  the  turquoifes 
are  turned  green  they  are  of  no  further  value  ;  the 
common  opinion  having  not  thought  fit  to  fet  a- 
ny  value  on  them  with  this  green  colour.  If  the 
blue  of  ours  were  more  durable  than  that  of  the 
Perftan  ones,  as  Berquen  affirms,  it  would  be  a  great 
advantage,  but  this  it  is  not  eafy  to  be  fatisfied  of 
by  experiment,  which  would  require  a  large  feries 
of  years  ;  and  yet  thofe  of  Perjta  feem  more  dis¬ 
pos'd  to  turn  green,  while  the  blue  of  ours  turns 
white  in  diftilled  vinegar,  thofe  of  Perfia  become 
green. 

Diverfe  means  have  been  attempted  tho5  with 
little  fuccefs  for  reftoring  the  faded  turquoifes  to 
the  blue  colour  *,  the  belt  is  to  grind  a  thin  piece  of 
the  (tone,  and  poliffi  it  anew,  for  the  change  of  co¬ 
lour  begins  in  the  Surface  as  being  moft  expofed  to 
the  air,  and  . frequently  the  green  penetrates  no  fur¬ 
ther  ;  in  which  cafe  by  leffening  the  bulk  of  the 
(lone  a  little,  it  recovers  its  firft  beauty.  Moft  of 
the  other  means  mentioned  by  certain  authors  are 
more  apt  to  change  the  green  of  a  turquois  into  a 
pale  blue,  than  to  reftore  it  to  its  former  colour. 
Thus  after  a  well  known  prescription,  putting  a 
piece  of  a  Perfian  turquois  which  was  turned  in 
aquafortis ,  the  green  disappeared  in  24  hours,  but 
the  blue  which  luceeded  it  was  So  feeble  that  the 
turquois  was  no  better  blue  than  when  green. 

We  fhall  not  fet  the  turquoifes  off  by  the  fictiti¬ 
ous  virtues  afcribed  to  them,  tho*  a  great  many 
fine  things  might  be  laid  on  this  head  from  very 
graveauthors.lt  is  affirmed  that  the  (tone  draws  the 
misfortunes  to  itfclf,  which  would  otherwife  fall  on 
its  mailer.  Of  this  de  Boot  gives  an  inftance  which 
he  thinks  very  decifive,  his  horfe  falling  with  him 
from  a  high  place  into  a  hollow  way,  he  found  his 
turquois  broken,  a  mighty  wonder  for  a  Soft  Hone? 

<  2  but 
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but  as  to  himfelf  he  caught  no  harm.  tVormius 
declares  that  he  received  the  fame  benefit  from  a 
turquois,  and  that  his  adventure  waslo  like  that  of 
de  Boot ,  that  he  dare  not  relate  it  for  fear  of  luf- 
picion  of  having  ftole  it.  Some  perfons  doubtlefs 
will  laugh  to  hear  that  it  does  not  agree  with  mar¬ 
ried  people,  but  breaks  on  their  fingers.  That 
it  fhows  all  the  changes  which  befal  in  the  body 
of  theperfon  that  bears  it  by  fuitable  change  of  co¬ 
lour,  and  that  this  has  kept  it  from  being  us’d 
among  other  hones  in  the  ladies  attire,  as  only 

fuiting  them  to  a  certain  age. - The  relating 

fuch  fables  is  enough  to  refute  them,  and  fome 
may  even  reproach  us  for  fuch  a  refutation. 

An  explanation  of  the  figures  in  Plate  II.  tranf- 

lated  by  J.  M. 

Fig.  i .  is  a  large  tooth  lately  taken  from  the 
mines  about  Simore,  aaabb  is  the  part  covered 
with  the  enamel. 

ccc  mark  the  place  where  the  enamel  ends, 
and  the  ftony  and  mineral  matter  begins. 

d  d  d,  c  c  c  is  the  part  which  is  mineral. 

e  e  is  the  place  where  the  tooth  was  broken. 

f  marks  that  which  is  occupied  by  the  mine¬ 
ral. 

Fig .  2.  is  the  fame  tooth  feen  on  the  oppofite 
fide. 

ggg  fhew  that  which  is  covered  with  ena¬ 
mel. 

hh,  i  i  i  where  it  was  broken,  which  is  mine¬ 
ral. 

At  k  there  are  thefe  figures  which  imitate  vege¬ 
tations. 


Fig . 
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Fig.  3.  is  a  little  tooth  of  the  firft  fort,  which 
on  the  fide  fhewn  in  the  figure,  difcovers  nothing 
but  enamel. 

q  q  q  q  are  the  4  eminences  of  this  tooth. 

Fig.  4.  is  the  fame  little  tooth  reverfed,  and 
feen  on  the  fide  which  adhered  to  the  jaw ;  it  has 
but  little  mineral  matter. 

rrrr  mark  the  4  holes  wherein  the  nerves 
were  inferted. 

Fig.  5.  is  another  little  tooth  of  the  firft  fort, 
but  having  the  4  eminences  s  s  s  s  more  pointed. 

Fig.  6.  is  a  tooth  of  the  fecond  fort,  viewed  two 
different  ways. 

tt  are  its  two  eminences. 

u  u  the  cavities  which  are  at  its  origin. 

Fig.  7.  is  a  conical  tooth,  x  is  the  hole  of  the 
infertion  of  the  nerve. 

Fig.  8.  is  a  piece  of  mineral  turquois,  wherein 
the  firata  or  lamina,  of  which  it  is  compofed,  ap¬ 
pear  on  the  upper  furface  ;  their  dire&ion  is  in  a 
right  line. 

Fig.  9.  is  a  piece  where  the  fir  at  a  are  undu¬ 
lated. 

Irig.  10.  is  a  piece  where  the  horizontal  fir  at  a 
are  croffed  by  vertical  ones,  and  where  thefe  firata 
form  rounded  fiutings.  * 

Fig.  1 1.  is  a  piece  where  the  lines  and  points 
fhew  the  difpofition  of  the  black  or  dark  blue 
veins  and  points,  which  we  have  called  the  refer- 
voirs  of  the  matter  which  tinges  the  turquoifes. 

Fig.  12.  is  a  fmall  part  of  the  fame  piece  mag¬ 
nified. 

Fig.  13.  is  2  pieces  n  and  y  detached  from 
each  other,  between  which  a  blackifh  matter 
formed  fome  forts  of  little  liars. 
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Fig.  14.  is  the  piece  y  magnified,  to  render  the 
flars  more  fenfible. 

Fig.  15.  is  a  piece  of  mineral,  wherein  the 
black  matter  reprefents  a  little  plant. 

Fig.  16.  is  this  plant  feen  feparately. 

Fig.  1 7.  is  the  tooth  which  M.  de  JuJJieu  caufed 
to  be  drawn  at  Lyons. 

1 1  is  the  tooth. 

m  m,nn  is  a  piece  of  the  turquois  matter, 
which  here  perhaps  is  a  part  of  the  jaw. 

Fig.  18.  is  the  fame  tooth  feen  on  the  other 
fide. 

p  p  is  the  bony  part  of  it. 

The  fcale  fhews  the  fizes  of  fig.  1 7  and  18. 

Fig.  19.  is  the  furnace  for  colouring  the  tur¬ 
quois,  in  perfpective. 

A  is  the  aperture  at  which  the  done  is  put  in. 

B  B  fhews  where  the  table  or  bottom  of  the  fur¬ 
nace  begins. 

CC  is  the  vault  of  it. 

D  the  aperture  at  which  the  wood  is  put  in. 

E  a  fort  of  window  by  which  they  look  into 
the  furnace  •,  it  ferves  alfo  to  put  in  the  mod  dub- 
born  mineral. 

Fig  20.  is  a  fecftion  of  the  fame  furnace. 

F.  its  aperture. 

G  G  the  table. 

H  H  the  place  where  it  ends. 

1 1  a  little  rim  which  obliges  the  flame  to  rife. 

K  the  place  where  the  wood  is  put  in. 

Fig.  21.  is  the  flipper  in  which  the  mineral  is 
put. 

Fig.  22.  is  the  fork  which  ferves  to  pufh  the 
flippers  into  the  oven,  and  to  take  them  out 
again. 


Fig. 
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Fig .  23.  is  a  little  fhovel,  with  which  they  take 
little  pieces  out  of  the  dippers,  to  examine  whe¬ 
ther  they  have  taken  colour. 

IV.  Reflections  on  fever al  obfervations  of  the 
eclipfe  of  Jupiter,  and  his  fatellites ,  by  the 
7 noon ,  made  at  Rome,  Marfeilles,  and  Nu¬ 
remberg,  by  M.  Caffini*. 

We  are  already  fufficiently  informed  of  the  ufe- 
fulnefs  of  the  eclipfes  of  the  planets  and  fixed  ftars 
by  the  moon  for  the  difcovery  of  the  longitudes. 
We  have  feveral  times  related  them  to  the  acade¬ 
my,  and  they  have  ferved  us.  to  determine  the 
difference  of  the  meridians  between  the  different 
places  where  they  have  been  obferved. 

The  lad;  obfervation  of  the  eclipfe  of  Jupiter 
by  the  moon  gives  us  a  favourable  opportunity 
for  this  determination  ;  it  was  obferved  at  Rome 
by  M.  Bianchini ,  at  Marfeilles  by  F.  Lavaf  and 
F.  Feuillee ,  and  at  Nuremberg,  by  M.  If^urzelbaur. 
In  thefe  two  lad  cities  they  have  obferved,  as  well 
as  at  Paris ,  the  emerfion  of  the  fatellites  of  Jupi¬ 
ter  from  the  dark  limb  of  the  moon,  which  was 
perceived  with  a  very  great  exa&nefs,  and  almod: 
at  the  fame  inftant  by  feveral  obfervers  in  the 
fame  place.  We  have  alfo  thought  it  proper  to 
give  the  method  of  calculating  the  obfervations  of 
thefe  fatellites,  and  of  ufing  them  to  determine  the 
difference  of  the  meridians,  which  will  ferve  for  a 
fupplement  to  the  general  method  which  has  been 
given  in  the  memoirs  of  the  academy  for  1702, 
to  determine  the  longitudes  by  means  of  the  eclip- 
fes  of  the  fixed  ftars  and  planets  by  the  moon. 

*  Dec.  20,  1715. 
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To  determine  the  hour  of  the  immerfion  of  each 

*  i 

fatellite,  we  mud  firft  determine  the  fituation  with 
regard  to  the  centre  of  Jupiter ,  for  iome  hours 
before  and  after  their  conjunction  with  the  moon, 
which  may  be  done  by  the  tables  of  the  fatellites 
of  Jupiter  or  by  means  of  the  figures  which  have 
been  prepared  on  purpofeto  fhew  their  configura¬ 
tion.  Reduce  their  diftance  from  the  centre  of  Ju¬ 
piter  into  minutes  ofa  degree,  which  being  added 
to  the  place  of  Jupiter^  when  the  fatellite  is  to  the 
E.  or  fubftraCted  when  it  is  to  the  W.  will  give 
the  true  longitude  of  this  fatellite. 

With  regard  to  its  latitude,  we  may  without 
any  fenfible  error,  fuppofe  it  the  dime  with  that  of 
Jupiter. 

The  longitude  and  latitude  of  the  fatellites  being 
known,  we  fhall  have  their  right  alcenfion  and  de¬ 
clination,  and  having  determined  the  time  of  their 
true  conjunction,  we  may  calculate  their  ecliples 
after  the  manner  explained  in  the  memoirs  of 
i  702,  having  regard  to  the  motion  of  each  fatellite 
from  the  time  of  its  true  conjunction  to  the  time 
of  its  apparent  immerfion  oremerfion. 

Now  to  determine  the  difference  of  the  meri¬ 
dians  between  the  different  places  where  the  obfer- 
lervation  has  been  made,  we  fhall  make  ufe  of  the 
parallel  of  each  place  drawn  in  (he  figure  pre¬ 
pared  for  the  calculation  oftheeclipfe  ot  Jupiter ; 
tor  though  the  declination  of  thefe  fatellites  is  not 
exaCtly  the  fame  with  that  of  the  centre  of  Jupiter 
the  difference  that  may  be  therein  being  but  a  few 
minutes,  is  too  fmall  to  be  regarded.  We  fhall 
make  ufe  alfo  of  the  orbit  of  the  moon  drawn 
in  the  projection. 

Take  with  a  pair  of  compaffes  the  femi-dia- 
meter  of  the  moon,  and  having  placed  one  of  the 
points  upon  a  parallel,  as  that  of  Parity  the  hour 
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that  the  fatellite  appeared  to  enter  into  the  moon, 
and  defcribe  at  the  interval  of  the  femi-diameter 
of  the  moon  an  arch  of  a  circle  toward  the  W. 
which  will  cut  the  orbit  of  the  moon  at  a  point 
which  will  mark  the  centre  of  the  moon,  at  the 
moment  of  the  immerfion  \  having  alfo  placed  the 
point  of  the  compares  on  the  fame  parallel  at  the 
hour  that  the  fatellite  appeared  to  emerge,  defcribe 
at  the  fame  interval  an  arch  of  a  circle  towards 
the  E.  which  will  mark  the  centre  of  the  moon  at 
the  moment  of  the  emerfion.  Divide  this  orbit 
into  hours  and  minutes  equal  to  thofe  made  life  of 
for  the  calculation  of  the  eclipfe  of  Jupiter ,  mark** 
ing  at  the  points  of  the  occidental  interfediion  the 
hour  of  the  immerfion  of  the  fatellite,  and  at  the 
point  of  its  oriental  interfedtion  the  hour  of  its 
emerfion. 

Afterwards  upon  the  place  where  the  corref- 
ponding  oblervation  was  made,  fet  one  point  of 
the  compafies  at  the  hour  when  the  immerfion  or 
emerfion  was  obferved,  and  defcribe  at  the  inter¬ 
val  of  the  femi-diameter  of  the  moon  an  arch  of  a 
circle  which  will  cut  its  orbit.  The  difference  be¬ 
tween  the  hour  marked  by  this  interfedtion,  and 
the  hour  of  the  obfervation  is  the  difference  be- 
between  the  meridian  of  Paris ,  and  that  of  the 
place  where  the  obfervation  was  made. 

Ex.  At  Marfeilles,  July  25,  1715,  by  F.  Laval. 

h  t  II 

2  19  38  emerfion  of  the  third  fatellite  of  Jupi¬ 
ter  from  the  dark  limb  of  the  moon. 

2  24  9  emerfion  of  the  fecond  fatellite. 

2  25  53  emerfion  of  the  kill,  which  is  the 
neareft. 

2  25  56  emerfion  of  Jupiter  from  the  dark  limb 
of  the  moon.  • 

Vol.V.  N°.  49.  R  Having 
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Having  firft  divided  the  orbit  of 
the  moon,  fo  that  the  hour  of  the  e- 
merfion  of  the  third  fatellite  at  h  ,  n 

Paris  which  happened  at  2  io  22 

Was  diftant  from  the  fame  hour 
marked  on  the  parallel  of  Paris ,  the 
interval  of  the  femi-diameter  of  the 
moon,  we  placed  a  point  of  the  com- 
pafTcs  upon  the  parallel  of  Marfeilles,  > 

at  the  hour  of  the  emerfion  of  the 
third  fatellite,  which  happened  at  2  19  38 

And  we  defcribed  with  thefe  com¬ 
pares,  at  the  interval  of  the  femi- 
diameter  of  the  moon,  an  arch  of  a 
circle  which  cuts  its  orbit  at  —  2  6  50 

The  difference  between  thefe 

hours,  which  is  -  o  12  48 

Reprefents  the  difference  of  the  meridians  by 
which  Marfeilles  is  more  to  the  eaft  than  Paris, 
becaufe  the  hour  of  the  obfervation  at  Marfeilles, 
is  greater  than  that  which  is  marked  upon  the  or¬ 
bit. 

Having  divided  in  like  manner  the  or¬ 
bit  of  the  moon  for  the  obfervations  of  the 
other  fatellites  of  Jupiter,  we  found  by 
the  emerfion  of  the  fecond,  the  difference  f  Ir 

of  the  meridians  to  be  -  1 2  20 

By  the  emerfion  of  the  firft.  1  2  24 

By  the  emerfion  of  Jupiter,  12  9 

Taking  a  mean  between  thefe  different 
determinations,  we  fhall  have  the  diffe¬ 
rence  of  tl  e  meridians  between  Paris  and 

Marfeilles .  -  12 

Or  —  - -  3°  6  15 

Which  is  not  far  from  45"  of  a  degree,  as  it 
is  marked  in  the  ConnoiJJance  des  Temps, 

1 


At 
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At  Nuremberg,  July  25,  1715. 

h  /  // 

2  8  38  the  total  immerfion  of  Jupiter  into  the 

moon. 

2  52  55  emerfion  of  the  third  fatellite. 

2  58  20  emerfion  of  the  firft. 

300  emerfion  of  Jupiter . 

Having  in  like  manner  divided  the  or¬ 
bit  of  the  moon  according  to  thefe  diffe¬ 
rent  obfervations,  we  found  by  the  im¬ 
merfion  of  Jupiter  the  difference  of  the 
meridians  between  Paris  and  Nuremberg 

to  be  —  -  35  23 

We  determined  alfo  by  the  emerfion  of 
the  third  fatellite  the  difference  of  the  me¬ 
ridians  between  Paris  and  Nuremberg 
to  be  —  —  35  40 

By  the  emerfion  of  the  firft  35  45 

And  by  that  of  Jupiter  —  35  o 

Taking  a  mean  between  thefe  different 
determinations,  we  (hall  have  the  diffe¬ 
rence  of  the  meridians  between  Paris  and 

Nuremberg  • - -  - -  35  27 

By  which  Nuremberg  is  more  to  the  eaft  than 
Paris. 

This  difference  is  greater  by  31'  of  an  hour 
than  that  which  is  fet  down  in  the  Connoijfance  des 
' Temps . 

At  Rome,  July  25,  1715. 

h  /  ■  //  p 

i  57  16  beginning  of  the  immerfion  of  Jupiter 
into  the  moon. 

1  58  26  total  immerfion  of  Jupiter. 

2  56  26  beginning  of  the  emerfion  of  Jupiter, 

R  2  Br 

j 
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By  the  obfervation  of  the  total  immer- 
fion  we  fhall  find  the  difference  of  the  ,  „ 

meridians  between  Paris  and  Rome  40  1 1 

And  by  the  beginning  of  the  emerfion  40  31 
Of  which  the  mean  is  40  2 1 

Lefs  by  59  feconds  of  an  hour  than  that  which 
is  marked  in  the  ConnoiJJance  des  Pemps. 

1 

•  % 

V.  A  comparifon  of  the  obfervations  of  the 
eclipfe  of  the  fnny  May  3,  1715,  made  in 
feveral  cities  0/  Europe,  by  M .  Caffini*. 

The  perfection  of  the  theory  of  the  fun  and 
moon  is  not  the  only  advantage  that  can  be  drawn 
from  the  obfervations  of  the  cclipfes  of  the  fun. 
They  ferve  alfo  very  ufefully  to  determine  the 
longitudes  of  the  feveral  cities  where  they  have 
been  obferved,  by  comparing  them  with  the 
figure  prepared  for  Paris ,  after  the  manner  that 
has  been  explained  on  different  occafions. 

As  the  laft  eclipfe  of  the  fun  was  to  be  total  in 
feveral  places,  and  very  confiderable  for  its  mag¬ 
nitude  through  almoft  all  Europe ,  it  has  excited 
the  curiofity  of  feveral  learned  men,  whofe  obfer¬ 
vations  have  been  communicated  to  us.  We  fhall 
here  relate  the  abftraCt  of  them,  with  the  hour  of 
the  phafes  according  to  the  figure  prepared  for 
Paris ,  to  know  the  difference  of  the  meridians. 

*  Dec.  20,  171.;. 


At 
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At  London  by  the  Chevalier  de  Louville. 


At  London. 

At  Paris  by  the 
figure. 

Beginning  at 
Total  im-  * 

h 

/ 

0 

h 

/  It 

8 

6 

*3 

8 

l5  30 

merfton  at  J 
Beginning  1 

9 

9 

l3 

9 

18  58 

of  the  e-  ? 
merfton  at  ' 
End  of  the  \ 

9 

12 

35 

9 

21 50 

eclipfe  at  ' 

‘  10 

20 

*9 

10 

29  40 

Diff.  of  the  me¬ 
ridian  between 

Par.  and  Lord, 

h  /  // 

o  9  17 

°  9  37 

o  9  15 

o  921 


Taking  a  mean  between  thefe  differences, 
which  agree  together  within  fbme  feconds,  we 
fhail  have  the  difference  of  the  meridians  between. 
Paris  and  London  to  be  9'  23'  of  an  hour,  or  2<* 
20'  45/,  by  which  London  is  more  to  the  weft 
than  Paris ,  becaufe  the  hour  marked  by  the  fi¬ 
gure  is  greater.  We  have  in  our  Englijh  journey 
det  rmined  the  difference  of  the  meridians  between 
the  obfervatory  at  Paris  and  that  in  England>  to 
be  9'  10  ,  and  between  Paris  and  the  weftern  ex¬ 
tremity  of  London  to  be  9'  40".  The  difference 
of  the  meridians  which  we  have  juft  found  to  be 
9'  2 3"  by  the  eclipfe  of  the  fun  is  the  mean  be¬ 
tween  thefe  two  obfervations,  agreeable  to  the  fi- 
tuation  of  the  place  of  obfervation,  which  was 
made  at  Grejkam  college  in  the  eaftern  part  of 
London . 
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Montreuii,  by  M.  de  Vilmareft. 


At  Mont  null. 


i  digit  at 
6  digits  at 


8  15  40 
8  43  40 


At  Pam  by  the 
figure. 


// 


8  19  30 
8  46  20 


D  ff.  of  the  me¬ 
ridian?  between 
Par.  and  Mont. 


h 


/ 


O 

O 


ft 

3  5 o 

2  •  40 


The  magnitude  of  the  eciipfe  was  obferved  to 
be  11  {  digits. 

D  ff.  of  the  me- 


At  Montreiul. 


5  digits  at 
3  digits  at 


At  Paris  by  the 
figure. 


h 

IO 


II 


ridians  between 
Par.  and  Mont. 


i  35  0 


10  13  *■  5 


o 


t  n 

2  55 

2  25 


h  /  // 

9  58  4° 

10  10  40 

Taking  a  mean  between  thefe  differences,  we 
fhallhave  the  difference  of  the  meridians  between 
Paris  and  Montreuii  2  57^  an  hour,  or  o  44' 
I5S  by  which  Montreuii  is  more  wefterly  than 
Paris  ;  which  agrees  pretty  exactly  witli  the  bed: 
maps  of  France. 


At  Montpellier,  by  Mejf.  de  Plantade,  and  Clapids. 


At  Montpellier. 


1  digit  at 

2  digits  at . 
The  end  ex- 


8 

8 


.  7,  •  .  .»  1  Diff.  of  the  me- 

At  Pom  by  the  ridiJns 

figure. 


;  11 
17  40 

22  1 


I  10  28  37 


h  /  II 

8  10  40 

8  15  55 


between 
Par.  and  Mont. 


10  23  30 


h 

O 

o 


/ 

7 

6 


1/ 


o 

6 


o  6  23 


abtly  at 

Taking  a  mean  between  thefe  differences,  we 
have  the  difference  of  the  meridians  between  Paris 


and  Montpellier  6'  24",  or 
Paris  is  more  to  the  weft. 


36',  by  which 
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At  Marfeilles  by  F.  Laval,  and  F.  Feuillee. 


At  Marfeilles. 

h  1  n 

Beginning  at  8  18  36 

End  at  10  35  24 

I'he  magnitude  of  the  eclipfe  was  obferved  to  be 
)  digits,  40  minutes. 

Taking  a  mean  between  thefe  two  determina- 
;io.:S,  \vc  have  the  difference  of  the  meridians  be- 
:ween  Paris  and  Marfeilles  oh  12'  23",  or 

5  4 5"- 

At  Recicourt  near  Verdun,  by  the  Abbe 

Teinturier. 


At  Paris  by  the 
figure. 

h  /  n 

8  5  40 

10  23  35 


1  D;fF.  of  the  me¬ 
ridians  between 
Par.  ana  Mar . 


b  / 
O  12 


// 

O  I  I  49 


At  Recicourt. 


h  /  // 

8  26  12 


At  Paris  by  the 
figure. 


h  /  // 

8  14  30 

10  42  57 | 103  2  25 


Dift*.  of  the  me¬ 
ridians  between 
Par.  and  Red. 

h  /  * 

o  1 1  42 

o  10  32 


Beginning  at 
End  at 

The  difference  of  the  meridians  between  Paris 
ind  Recicourt ,  according  to  thefe  obfervations,  is 
3h  1 1'  37",  or  20  54'  15",  by  which  Recicourt  is 
nore  to  the  eaft. 


At  Lindau  near  the  lake  of  Conftance,  by 

M.  Gaupe. 


J  * 

At  Lindau. 

At  Paris  by  the 
figure. 

Diff.  of  the  me¬ 
ridians  between 
Par.  and  Lind. 

h  /  // 

h  t  // 

h  /  U 

ind  of  the  e-  ) 

*0  35  J5 

0  26  0 

r  r  f  11  1  *5 

Jiple  at  i 

This 
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This  difference  being  converted  into  degrees 
we  fhall  have  Lindau  more  eafterly  than  Paris 
by  6?  30'. 


At  Frankfort  upon  the  Main. 


At  Frankfort . 


At  Paris  by  the 
figure. 


Diff.  of  the  me¬ 
ridians  between 
Par.  and  Frank. 


b  /  It 

Beginning  at  8  50  o 

End  at  11  10  o 


h  /  // 


8  19  45 
10  40  5 


b  ,  I / 

O  3°  *5 

o  29  55 


The  magnitude  of  the  eclipfe  was  obferved  to 
be  10  digits,  34  minutes. 

Taking  a  mean  between  thefe  differences,  we 
fhali  have  the  difference  of  the  meridians  between 
Park  and  Frankfort  oh  30'  5",  or  70  31'  15",  by 
which  Frankfort  is  more  eafterly  than  Paris . 


At  Hamburgh. 


At  Hamburgh. 


At  by  the 
figure. 


Diff.  of  the  me¬ 
ridians  between 
Par.  and  Ha  mb. 


b  /  ll 

Beginning  at  8  57  o 
The  greateft  ?  j 0  5  30 

darknefs  at  J  0 


£  ' 

8  26  10 

9  34  3° 


h  /  // 

o  30  50 


o  31 


The  magnitude  of  the  eclipfe  was  obferved  to 
be  1 1 0  30'. 

According  to  thefe  obfervations,  the  difference 
of  the  meridians  between  Paris  and  Hamburgh  is 
oh  30'  55",  or  70  44',  by  which  Hamburgh  is 
more  eafterly  than  Paris . 
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I 

At  Keil  in  Holftein,  by  M.  Reyker. 


)  V 


A  t  Keil. 


Beginning  at  9  14 
End  at  1 


n 

O 


At  Paris  by  the 
figure. 


II 


h  / 

,8  30  o 

10  48  40 


Diff.  of  the  me¬ 
ridians  between 
Paris  and  Keil. 

h  /• 

o  44  o 

O  40  2  0 


IO  29  O 

1  >  I  J..  ”1A  _ r+t-irir  I 

The  magnitude  of  the  eclipfe  was  obferved  to 
be  1 1  digits,  20  minutes. 

The  difference  of  the  meridians  between  Paris 
and  Keil,  which  refults  from  the  end  of  the  eclipfe, 
does  not  agree  with  that  of  the  beginning,  which 
gives  room  to  conje6lufe,  that  fome  miftake  has 
flid  into  the  hour  of  the  obfervation  of  Ke'it9  which 
is  fomuch  the  more  manifeft,  becaufe  at  Hamburgh , 
which  is  not  one  degree  more  wefterfy  than 
Keil ,  the  beginning  appeared  17  minutes  fooner, 
which  ought  to  give  almoft  4  degrees  difference  of 
meridians. 


At  Berlin,  by  M  Hoffman. 


At  Berlin. 


1 1 
O 


At  Paris  by  the 
figure. 

h  /  // 


9  36  40 

IO  48  25 


Difi*.  of  the  me¬ 
ridians  between 
Paris  zvABerlin. 


h  !  II 

O  45  20 
O  45  3 6 


rhe  greatefti  io  22 

larkntfs  at  ) 

rhe  end  at  10  34 

% 

The  magnitude  of  the  eclipfe  was  obferved  to 
)e  exactly  1 1  digits. 

According  to  thefe  obfervations,  the  difference 
>f  the  meridians  between  Pans  and  her  Bn,  is 
>h  45'  2  8/;,  or  ii°  22^  by  which  Berlin  is  more 

afterly  than  Paris.  % 


Vol.  V.  NQ.  49* 


S 


At 
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At  Dantzick  by  M.  Hecker. 


At  Dart  stick. 


At  Paris  by  the 
figure. 


Diff,  of  the  me* 
ridians  between 
Par.  and Dantz, 


Beginning  at 
End  at 


h  /  11 

9  40  o 
O  2  40 


h 


II 


8  34  30  1 
10  56  5 o  1 


/  // 

5  30 
5  50 


The  quantity  of  the  eclipfe  could  not  be  ob- 
ferved  becaufe  of  the  clouds. 

According  to  thefe  obfervations,  the  difference 
of  the  meridians  between  Paris  and  Dantzick^ 
is  ih  5'  40",  or  1 6°  25',  by  which  Dantzick  is 
more  easterly  than  Paris ,  which  agrees  exadtly 
enough  with  the  difference  of  the  meridians  be¬ 
tween  thefe  2  cities,  which  we  have  already  deter¬ 
mined  by  other  obfervations. 


At  Warfaw. 

At  Wcrj'iVW. 


a  .  d  •  1  I  Diff.  of  the  me- 
Ativmbythe  ...  , 

J  rrnnnc  hptwprn 

figure. 


Beginning  at 
5  digits  at 


n 


8  34  3° 
1027  o 


ridians  between 
Par.  and  JVarf. 

.  h  1  n 

1  15  3° 
1  15  3° 


h  /  // 

9  5°  o 

I  I  42  o 

According  to  thefe  oblervations,  the  difference 
of  the  meridians  between  Paris  and  Warfaw ,  is 
ih  15'  15",  or  i8Q  48' 45",  by  which  Paris  is 
more  weiferly  than  Warfaw . 
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At  Upfal  by  M.  Vallerius. 

'  *  *  .  *  * 

At  Upfal. 


.  .  h  '  /  If 

Beginning  at  9  47  50 
Total  im-  7  0 

merfion  at  5  10  5  l5 
Beginning  of  7 
the  e merfion  3 
End  of  the  e-  7 
clipfeat  3  11 


2  24 


At  Paris  by  the 
figure. 

Diff.  of  the  me¬ 
ridians  between 
Paris  and  Upfal . 

h 

8 

/ 

42 

II 

30 

h 

I 

1  // 

4  20 

9 

f 

49 

35 

I 

8  40 

IO 

53 

20 

I 

9  4 

10 

57 

20 

0 

58  35 

The  difference  of  the  meridians  which  refults 
from  thefe  different  phafes,  does  not  agree  toge¬ 
ther,  which  gives  room  to  conje&ure,  that  fome 
miftakes  flipped  into  the  determination  of  the 
time. 

The  fun  was  entirely  eclipfed  at  Upfal  during 
the  fpace  of  4'  9"  ;  fo  that  the  eclipfe  was  more 
central  there  than  at  London ,  when  the  duration  of 
the  total  darknefs  was  but  3'  22". 


At  Bologna  by  M.  Manfredi. 


At  Bohgna. 

The  begin-  1  h  1  11 
ning  doubt-  £  8  50  o 
ful  at 


At  Paris  by  the 
figure. 


Diff.  of  the  me¬ 
ridians  between 
Par.  and  Bolog . 


II 


8  13  25 


o 


/  II 

36  55 


2 


At 


132  like  History  and  Memoirs  of  the 


At  Rowe  kj  M.  Bianchini. 

«  X 


At  Rome. 

■  V  f  r  • '  1  i  .  1.  * 


t  v 

ty  [  8  53 

1  3 


n 

3° 


f  t  ' 
»  i 


The  eclipfe 
was  already 
begun  at 

1  digit  at  8  58  13 
End  of  the  e-i  lL  i  (  ‘ 
clipfe  at  5  1 1  1 3  1 3 

(  )  v i  j  !  O  l  ’•  C  *  1  .  ‘  *  r  -  r 

According  to  thefe  obfervations,  the  difference 
of  the  meridians  1  between  Paris  and  Rome ,  is 
41'  t8y/,  or  ioQ  1 9/r  by  which  Rome  is  more 


At  Paris  by  the 
figure. 


/  // 

(> 

,  c 
! 


817  o 

:  1 1 

10  31  50 


Diff.  of  the  me¬ 
ridians  between 
Paris  and  Rome. 


/  1/ 
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PAPERS  contained  in  the  Abridgment 
of  the  History  and  Memoirs  of  the 

.  _ 1  i  4  1  \  r 

Royal  Academy  of  Sciences  at 
Paris,  for  the  Year  Mdccxvi. 


able 


In  the  HISTORY. 


I.  N  the  origin  of  ftcnes, 

II.  v^/  Of  an  extraordinary  quantiiy  of  rofin  in 
a  deal  plank. 

III.  Of  a  great  inundation  in  the  Lower  Nor¬ 
mandy. 


In  the  MEMOIRS. 

I.  Meteorological  ohfervaticns  made  at  the  royal  ob~ 
fervatory  during  the  year  1 7 1 5,  by  M.  de  la 
Hire. 

II.  Of  the  conflrudlion  of  the  compares  ufed  to  ob - 
ferVe  the  declination  of  the  magnetical  needle ,  by 

M.  de  la  Hire. 

III.  A  method  of  (hoot in g  bombs  to  advantage ,  by 
M.  de  Reffons. 

IV.  On  the  longitude  of  the  fraights  of  Magellan, 
by  M.  Delifle. 

V.  Obfervations  on  a  northern  light  by  M.  Ma- 

raldi. 

VI.  Obfervations  on  the  matter  which  colours  the 
falfe  pearls ,  and  on  fome  other  animal  fubjlances 

;  '  °f 
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of  like  colour  ;  on  occafion  of  which  it  is  attempt¬ 
ed  to  explain  the  formation  of  the  fcales  of 
fifhes ,  by  M.  de  Reaumur. 

VII.  A  folution  of  fome  difficulties  relating  to  the 
formation  and  growth  of  fhellsy  by  M.  de  Rea- 
mur. 

VIII.  A  memoir  for  the  conft raft ion  of  a  pump 
which  fupplies  the  water  continually  into  the  re - 
fervoir ,  by  M.  de  la  Hire,  the  younger  brother. 

IX.  A  defer  ip  t  ion  of  an  addition  to  be  made  to 
windows ,  to  hinder  the  rain  from  getting  into  a 
room  when  they  are  fhut ,  by  M.  de  la  Hire,  the 
fon . 
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AB  R  I  D  G  M  ENT 

OF  THE 

Philosophical  Discoveries  and  Ob¬ 
servations  in  the  History  of  the 
Royal  Academy  of  Sciences  at 
Paris ,  for  the  year  1716. 

I.  On  the  origin  of  ft  ones ;  tranjlated  by  Mr. 

Chambers. 

IT  is  a  point  fully  proved,  that  all  ftones  with¬ 
out  exception  were  originally  fluid,  or  at  leaft: 
foft  like  pafte,  and  flnce  dried  and  hardened ; 
this  any  perfon  might  be  convinced  of  by  feeing 
one  {lone  wherein  fome  foreign  body  is  inclofed, 
which  could  not  have  entered  the  fame  if  it  had 
always  retained  the  fame  confidence  *  for  fuch  one 
done  will  conclude  for  all  the  reft,  but  we  have 
multitudes  of  them,  and  every  day  difcovers  more 
and  more  ;  befides  that  there  are  numbers  of  thole 
called  figured  ftones,  all  call  or  moulded  very  ex- 
a&ly  in  different  kinds  of  {hells,  which  fhews  that 
the  pafte  they  were  formed  off  muft  have  been  ex¬ 
tremely  foft  and  pliable. 

This  well  known  principle  M.  Geojfroy  endea¬ 
vours  to  carry  further,  and  gives  us  the  detail  of 
the  formation  of  different  kinds  of  ftones. 

He  firft  lays  it  down  that  meer  earth  without 
any  mixture  of  falts  or  fulphurs  is  the  only  neceffary 
bafis  of  this  formation,  that  this  earth  may  indeed 
be  intermixed  with  falts  and  fulphurs,  but  that  it 
does  not  need  them,  and  that  there  arc  fome  ftones 

which 
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which  contain  none,  as  the  common  ftones  found 
in  quarries,  or  the  ipecies  of  white  tranfparenc 
flints  ;  there  are  fome  flints  which  when  flruck  a- 
gainft  each  other  yield  a  fenfible  fmell  of  fulphur, 
and  confequently  contain  a  fulphurous  matter,  or  a 
vitriolic  acid  ;  others  are  coloured,  and  therefore 
contain  metalline  parts  which  is  the  general  caufe 
of  the  colours  of  precious  ftones  ;  but  all  this  is 
only  accidental,  as  may  appear  hence,  that  faphires 
and  all  our  emeraulds  of  Auvergne  loofe  their  co¬ 
lour  by  a  very  moderate  heat,  without  any  lofs 
either  of  their  hardnefs  or  tranfpareney,  and  thus 
turn  meer  cryftals. 

The  moft  Ample  homogeneous,  and  therefore 
moft  perfect  of  all  ftones  according  to  M .  G'eoffroy 
is  cryftal  of  the  rock.  At  firft  fight  one  would 
hardly  take  it  to  be  earth,  which  yet  it  muft  be, 
for  we  are  certain  it  is  not  congealed  water  as  the 

antients  imagined- - M.  Geojfroy  fuppofes 

two  kinds  of  primitive  particles  in  earth,  fome  ex¬ 
tremely  thin  and  Gender  in  manner  of  lamella, 
and  others  of  all  the  forts  of  irregular  figures ; 
when  the  particles  of  the  former  kind  happen  by 
any  means  to  be  found  in  fufficient  quantity  to¬ 
gether,  the  regularity  and  equality  of  their  figures 
makes  them  range  thcmfelves  equably  and  regu¬ 
larly,  and  thus  form  a  homogeneous  compound, 
which  is  withal  very  hard  on  account  of  the  im¬ 
mediate  contact  of  the  parts,  and  tranfparent  by 
realon  of  their  regular  difpofition,  which  leaves 
th  elight  a  free  pafiage  every  way, and  this  is  cryftal  ;| 
as  to  the  earthy  particles  of  the  fecond  kind  it  is  1 
evident  any  compofitions  arifing  therefrom  muft  | 
be  lefs  hard,  and  withal  opaque. 

Cryftals  then  are  formed  only  of  particles  of  the  1 
firft  kind,  and  all  other  ftones  of  particles  of  both 
the  kinds  intermixed;  thole  of  the  former  unite  1 
2  and  1 
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and  bind  thofe  of  the  latter,  without  which  they 
would  be  little  other  than  fand  or  dull,  and  confe- 
quently  their  confidence  and  hardnefs  arifes  here¬ 
from,  but  this  will  need  fome  further  explication. 

Water  is  a  vehicle  proper  for  conveying  the 
earthy  particles  of  the  fird  kind,  as  we  find  by 
certain  petrifying  fprings  which  line  the  canals 
they  run  through  with  done,  or  even  incrudate 
any  hard  bodies  left  therein  for  a  continuance  of 
time.  Water  properly  fpeaking  does  not  difiolve 
thefe  earthy  particles,  but  only  keeps  them  in  fu- 
fion,  as  it  does  likewife  by  thofe  numerous  juices 

wherewith  plants  are  fed - In  purfuance  of  this 

analogy,  M.  Geofroy  calls  thefe  particles  of  the 
fird  kind,  crydalline  or  dony  juice. 

This  juice  is  heavier  and  more  fixed  than  water, 
and  does  not  evaporate  with  it,  which  is  the  ori¬ 
gin  of  the  formation  of  cry  dal  ;  as  it  is  of  the  fa- 
line  crydallizations  in  chymidry.  Thofe  crydalli- 
zations  only  arife,with  their  feveral  regular  figures, 
when  a  water  impregnated  with  falts  has  evapo¬ 
rated  dowly,  and  been  afterwards  expofed  in  a 
moid  place,  the  evaporation  is  neceflfary,  that  the 
water  by  its  too  great  quantity  may  no  longer 
keep  the  falts  too  far  afunder  •,  the  fiownefs  of  this 
evaporation  is  alfo  neceflfary,  that  the  falts  may  ap¬ 
proach  one  another  gently,  and  have  time  to  ar¬ 
range  themfelves  in  fuch  manner  as  is  mod  fuitable 
to  their  figures,  without  which  they  would  be  con- 
fufedly  huddled  one  on  another  ;  and  a  cool  place 
by  flowly  diminifhing  the  natural  and  intedine 
motion  of  the  fluid,  contributes  at  once  to  both 

thofe  effects - The  application  of  this  to  rock 

crydal  is  eafy,  we  have  only  to  conceive  a  water 
impregnated  copioufly  with  the  crydalline  juice, 
infinuating  through  the  clefts  of  a  rock  and  falling 
Vol.V.  N<\  49*  T  at 
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at  length  to  the  bottom  of  a  grotto,  where  it  eva¬ 
porates  (lowly. 

We  are  to  conceive  the  cryftalline  juice,  as  un* 
equally  diffuled  about  the  earth,  hence  it  is  that 
rock  cryftal  does  not  arife  in  all  places,  not  to 
mention  the  other  circumftances  which  do  not  of¬ 
ten  meet  together. 

If  water  impregnated  with  this  cryftalline  juice 
happen  to  penetrate  a  piece  of  common  earth, 
which  is  the  mod  ufual  cafe,  it  will  bind  the 
partic.es  thereof  by  means  of  this  juice,  and  after¬ 
wards  as  it  evaporates,  the  compound  will  grow 
(till  harder,  and  at  length  become  (tone.  This 
will  more  referable  cryftal,  that  is,  be  more  hard 
and  lels  opaque,  as  the  quantity  of  cryftalline  juice 
is  greater,  and  at  the  fame  time  will  be  of  a  finer 
grain  as  the  maffes  of  earth  were  fmallerand  more 
homogeneous  ;  of  this  kind  are  marbles,  fome 
whereof  as  well  as  fome  alablafters  have  veins  or 
threads  to  tranfparent  that  they  feem  little  wanting 
of  cryftal  itfelf.  The  ftones  oppofite  to  thefe,  and 
at  the  fame  time  moft  imperfedt,  are  chalk  and 
boles,  which  are  no  other  than  earth  half  bound  to¬ 
gether,  by  a  very  fmall  quantity  of  cryftalline  juice 
and  we  find  them  fryable;  accordingly  the  degrees 
between  thefe  extremes  are  eafy  to  be  conceived. 

Some  ftones  melt  by  a  large  fire  as  flints,  while 
others  only  calcine  therein,  as  that  whereof  plaifter 
is  made.  The  principle  of  fuflon  in  (tones  is  the 
cryftalline  juice,  whofe  particles  being  equal  and 
homogeneous  among  themfelves,  are  difpofed  to 
make  a  continued  uninterrupted  whole,  which  if 
thofe  parts  be  intimately  divided,  and  violently 
agitated  will  be  a  fluid  ;  in  order  hereto  they  mult 
be  in  a  fuftkient  quantity,  and  withal  capable  of 
being  feparated  from  the  earthy  particles  of  the  fe- 
cond  kind,  which  are  too  different  from  them  •, 

and 
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and  hence  there  isnofufmg  either  of  a  (lone,  which 
has  but  little  of  the  cryftalling  juice,  nor  of  another 
which  though  copious  enough  in  juice,  is  fo  clole- 
ly  bound  with  the  other  earthy  parts,  that  it  al¬ 
ways  carries  them  with  it.  All  that  can  enfue  in 
either  of  thofe  cafes,  is  a  bare  calcination,  that  is, 
a  confufed  heap  of  little  particles  of  the  flone  dif- 
joyned  from  each  other. 

The  particular  circumftances  which  accompany 
the  formation  of  ftones,  varies  the  efted  of  the 

general  principles  in  a  multitude  of  ways. - For 

an  inftance,  if  a  quantity  of  the  cryftalline  juice 
mixed  with  water  have  been  inclofed  in  earth,  and 
fuch  juice  be  in  too  fmall  a  quantity  to  petrify  the 
whole  earth;when  the  water  evaporates  a  mafs  will 
be  formed  partly  cryftalline  and  tranfparent,  and 
partly  opaque  and  earthy,  and  if  the  cryftalline 
juice  have  remained  in  the  middle  of  the  mafs,  the 
middle  alone  would  be  tranfparent,  the  reft  re¬ 
maining  an  opaque  cruft  ;  fuch  are  agats  and  feve- 
ral  other  ftones  ;  on  the  contrary,  if  the  cryftalline 
juice  be  by  any  accident  driven  from  the  centre  to 
the  circumference,  there  will  be  pure  earth  found 
in  the  middle  of  a  very  tranfparent  (tone;  fuch  are 
feveral  flints,  in  whofe  centre  we  either  find  a  foft 
pulpy  earth,  or  where  the  water  has  evaporated 
lufficiently,  a  dry  duft  when  the  petrefadion  of 
any  mafs  has  been  difcontinuous ;  one  part  being 
petrified  at  one  time,  and  another  at  a  confiderable 
diftance  from  it,  the  ftone  will  be  difpofed  in  coats 
or  ftrata  eafily  diftinguifhable,  as  the  trunks  of 
trees  are  for  the  fame  reafon,  their  growth  being 
likew.ife  interrupted  during  the  winter. 

What  has  hitherto  been  faid  is  eafily  applicable 
to  large  mafies  of  ftone  or  quarries,  which  are  found 
in  a  multitude  of  different  places. 

T  2  The 
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The  younger  M.  de  la  Hire ,  related  fome  ob- 
fervations  which  give  great  countenance  to  M. 

Geoffrofs  fydem- - He  defcended  into  a  quarry 

near  the  Foufje-porte  St.  Jacques ,  where  the  whole 
height  of  (tone  was  perhaps  20  foot,  but  this  height 
was  not  all  done  being  interrupted  by  other  Jlrata 
nearly  horizontal,  as  well  as  thofe  of  the  done, 
and  of  the  fame  colour  but  of  a  fubdance  much 
tenderer  and  fatty  ;  and  which  did  not  harden  in 
the  air  as  foft  done  ufes  to  do  *,  it  is  called  Boufin 
and  found  in  all  the  quarries  about  Paris .  Now 
M.  de  la  Hire  conceives  the  floods  of  water  had  on 
fome  occaflon,  for  indance  in  winter,  carried  a- 
way  different  matters,  which  at  length  were  all 
detained  in  fome  fpot,  here  being  at  red,  the  hea- 
vied  precipitated  to  the  bottom  and  formed  a  bed 
of  done,  while  the  latter  remaining  a  top  formed 
the  Boufin  *,  a  fecond  flood  enfuing  in  another 
winter,  lays  two  other  fuch  jirata  over  the  former, 
and  thus  on  till  the  whole  aflemblage  was  formed. 

In  the  fame  quarry  M.  de  la  Hire  obferved  wade 
done,  covered  all  over  with  a  tranfparent  whitifh 
coat,  which  had  bound  all  the  dones  together  great 
and  fmall,  and  near  this  were  feveral  little  mafles 
incrudated  with  the  fame  matter,  the  fubdance  of 
fome  whereof  was  flint,  and  of  others  a  little  piece 
of  done  from  the  uppermod  bed  of  done,  which 
is  left  to  fudain  the  earth,  and  is  fupported  by  pil¬ 
lars  placed  at  proper  didances,  fell  a  large  quan¬ 
tity  of  water  through  certain  natural  clefts,  foas  to 
form  a  bafon  4  or  5  feet  in  diameter,  and  7  or  8 
inches  deep,  which  however  could  not  contain  all 
the  water  but  let  it  run  over  at  the  brim  ;  this 
brim  was  incrudated  like  the  wade,  and  the  little 
dones  abovementioned.  M.  de  la  Hire  took  fome 
dones  from  the  bottom  of  the  bafon  which  appear’d 
fpongeous,  and  were  covered  either  wholly  or  in 

part 
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part  with  a  kind  of  (tony  vegetation  four  or  five 
lines  high,  whofe  Items,  when  viewed  with  a  mi- 
crofcope,  appeared  like  little  prifms  terminated  at 
each  end  by  a  triangular  pyramid  *,  thefe  vegeta¬ 
tions  were  no  doubt  young  incruftations,  which 
in  time  would  have  been  light  like  the  reft,  feen  in 
other  parts  of  the  quarry. 

All  this  feems  at  firft  fight  to  agree  with  M. 
Geoffroy’s  fyftem,  tho*  upon  viewing  it  nearer  the 

agreement  is  not  fo  exadt- - The  water  which 

had  produced  the  incruftations  abovementioned  was 
rainwater,  which  in  filtrating  through  about  10 
fathoms  of  earth,  may  eafily  be  fuppofed  to  have 
met  with  the  cryftalling  or  petrifying  juice  5  but 
on  the  contrary  the  coats  or  incruftations  were  ve¬ 
ry  different  from  thofe  made  by  other  petrifying 
waters,  in  their  canals,  which  are  commonly  o- 
paque  and  gritty,  this  feems  to  intimate  as  if  there 
were  differences  in  the  petrifying  juice. 

Be  this  as  it  will  it  is  abundantly  proved  that  all 
itones  were  once  a  foft  palte,  and  as  there  are  quar¬ 
ries  almoft  every  where,  it  follows  that  the  furface 
of  the  earth  was  once  covered  with  a  hard  mud 
in  all  thofe  places,  the  fhells  found  in  moft  quar¬ 
ries,  are  a  proof  that  this  mud  was  earth  diluted 
with  fea  water,  and  confequently  the  fea  muflhave 
covered  all  thofe  places  •,  but  it  could  not  cover 
them  without  at  the  fame  time  overflowing  all  o- 
ther  places  lower,  or  on  a  level  with  thole,  nor 
could  it  cover  all  the  places  where  there  are  quar¬ 
ries,  and  all  others  lower  or  on  a  level  with  tnefe, 
without  covering  the  whole  furface  of  the  terreftrial 
globe  *,  we  do  not  here  confider  mountains  which 
the  fea  muflhave  covered  likewife,  fince  there  are 
always  quarries  and  frequently  fhells  found  there¬ 
in. 


The 
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The  Tea  therefore  mult  have  covered  the  whole 
earth,  and  hence  it  is  that  all  the  banks  or  beds  of 
ftone  found  in  planes,  are  horizontal  and  parallel 
to  each  other.  Fifties  muft  have  been  the  firft  in¬ 
habitants  of  the  globe,  which  was  not  yet  in  a 
condition  to  bear  either  land  animals  or  birds. 

The  difficulty  is  to  conceive  how  the  fea  could 
retire  into  thofe  large  cavities  or  bafons  which  it 
now  pofiefles,  the  folution  which  firft  offers  itfelf, 
is  that  the  globe  of  earth,  at  leaft  to  a  certain  depth 
was  not  uniformly  folid,  but  interfperfed  with  large 
cavities  ;  the  parietes  whereof  ftood  their  ground 
for  fome  time,  but  at  length  fhuddered  and  broke 
in  fuddenly  *,  upon  this  the  waters  ruffling  into  the 
cavities  filled  them  as  we  now  fee,  and  left  part  of 
the  furface  of  the  earth  bare  which  in  time  became 
a  proper  habitation  for  men  and  other  animals  :  the 
fhell-fifhes  found  in  quarries  are  a  confirmation  of 
this  opinion  for  befidesthat  none  but  the  ftony  parts 
of  fifhes could  have  been  preferved  fo  long  in  earth, 
it  is  certain  thatthegenerality  of  fliell  fifties  are  found 
in  large  numbers  in  certain  parts  of  the  fea,  where 
they  remain  as  it  were  immoveable  and  form  a 
kind  of  rocks,  being  utterly  unable  to  purfue  the 
water  when  it  abandons  them  fuddenly ;  it  is  for 
this  laft  reafon  that  we  find  infinitely  more  fhell- 
fifhes,  than  of  bones  or  impreffions  of  other  fifties, 
which  withal  is  a  proof  of  a  fudden  fall  of  the 
fea- water  into  its  channel. 

At  the  fame  time  that  the  cavities  broke  in,  it 
is  probable  that  other  parts  of  the  furface  of  the 
globe  were  reared  up,  and  for  the  fame  reafon 
thefe  made  the  mountains  which  became  elevated 
above  the  furface,  with  quarries  ready  formed 
therein  ;  but  the  ftrata  of  thefe  quarries  could  not 
retain  their  former  horizontal  direction,  unlefs  the 
maftes  which  formed  the  mountains  happened  to 
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rife  exa&lyperpendicular  to  the  furface  of  the  earth, 
which  could  but  rarely  happen  ;  and  hence  as  we 
have  already  obferved  in  the  hiftory  of  1708,  the 
Jlrata  of  quarries  are  always  inclined  to  the  horizon 
tho’  parallel  to  each  other,  for  that  they  have  noC 
changed  their  pofition  with  regard  to  each  other, 
but  only  with  regard  to  the  furface  of  the  earth. 

In  fome  ftones  we  meet  with  leaves  of  plants, 
infedts,  bones  of  terreftial  animals  and  men,  and 
fometimes  even  intire  fkeletons ;  but  all  this  is  ve¬ 
ry  rare  in  comparifon  of  fifties,  hence  it  follows 
that  after  the  grand  revolution  which  bared  one 
part  of  the  furface  of  the  earth,  and  rendered  it 
habitable  to  terreftial  animals,  other  particular  and 
lefs  confiderable  revolutions  enfued,  which  laid  cer¬ 
tain  tra&s  under  water,  at  the  time  when  the  earth 
was  already  ftocked  with  plants  and  animals,  thefe 
alfomay  have  produced  mountains;  and  earthquakes 
and  volcano’s  are  capable  of  the  fame  effedls,  and 
mud  even  have  produced  greater  when  the  fpira- 

cles  which  are  now  open  were  clofed - Bute- 

nough  on  this  fubjedf,  for  though  all  thefe  confe- 
quences  feem  to  follow  very  naturally,  it  is  a  kind 
of  temerity  to  purfue  them  fo  far  ;  it  may  fuffice 
that  the  furface  of  the  earth  has  remained  quiet  a 
long  time,  and  we  may  promife  that  it  fhall  remain 
fo  much  longer,  at  leaft  it  is  extremely  fo  in  com¬ 
parifon  of  thofe  of  Mars  and  Jupiter. 

II.  Of  an  extraordinary  quantity  of  refin ,  in 

a  deal  plank. 

A  man  of  the  firft  dignity  in  the  church,  being 
in  Poland ,  caufed  a  deal  plank  to  be  put  before  a 
chimney  to  keep  it  from  fmoaking  ;  this  plank  by 
little  and  little  yielded  fo  much  refin,  that  the 
whole  being  careiully  gathered  yieled  live  times  as 
2  much 
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much  as  a  deal  plank  full  of  its  refin.  There  had 
been  a  great  deal  of  refinous  wood  burnt  in  the 
chimney,  and  the  plank  muft  have  imbibed  a  great 
quantity  of  the  refin,  which  the  fire  had  driven 
out  of  it,  and  that  it  drew  out  of  it  none  of  the 
earthy  part  in  proportion  to  what  it  might  have 
taken. 

III.  Of  a  great  inundation  in  the  lower  Nor¬ 
mandy. 

Laft  November  there  was  in  the  lower  Norman¬ 
dy  a  terrible  overflowing  of  the  fea,  which  lafted 
until  December  2,  and  extended  from  Avranches 
to  St.  Malo.  All  the  low  places  were  overflowed, 
the  fea  was  extremely  agitated,  and  there  was  no 
reflux  during  that  whole  time.  There  was  great 
thunder  laft  November  in  the  lower  Normandy . 
They  did  not  remember  any  thing  like  it. 
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Philosophical  Memoirs  of  the  Royal 
Academy  of  Sciences  at  Paris,  for 
the  Year  1716. 

I.  Meteorological  obfervations  made  at  the 
royal  objervatory,  during  the  year  1715; 
by  M.  de  la  Hire*. 


rjr\H  ERE  fell  in 

Lin . 

Lin . 

Jan. 

6  i  i 

J^y 

21  \ 

Feb. 

°  4  g 

Aug. 

38  i 

March 

14  1  £ 

Sept. 

8  i 

April 

*9  4 

Oft. 

n  7 

May 

12  J 

Novem. 

24  7 

June 

30  T  l 

Dec. 

*5  i 

The  fum  of  the  water  of  this  whole  year  will 
therefore  amount  to  210  lines  !,  or  17  inches  6 
linesj,  which  is  a  little  lefs  than  19  inches,  at 
which  we  have  always  eftimated  the  mean  years. 
However  the  harveft  was  good,  becaufe  the  great- 
eft  part  of  the  lands  of  this  country  are  moift,  and 
do  not  want  a  great  quantity  of  water  •,  and  what 
contributed  greatly  to  the  fertility,  are  the  mode¬ 
rate  rains  of  March  and  April . 

The  three  months  of  June,  July  and  Augujl , 
have  furnifhed  almoft  as  much  water  as  all  the  o- 
Vol.  Y.  N°.  49.  U  ther 

*  February  19,  1715. 
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ther  months  together,  which  is  pretty  ufual,  and 
without  any  confiderable  ftorms. 

During  this  whole  year  there  were  no  great 
ftorms.  That  of  July  2  was  the  ftrongeft  with  a 
weft  wind,  but  it  rained  no  more  than  2  lines  |  ; 
another  of  the  laft  of  June  furnifhed  3  lines  {  of 
water*,  June  13  there  fell  14  lines  j  of  water  with¬ 
out  any  ftorm,  and  with  a  north  wind.  There 
was  but  little  fnow  the  9th  and  laft  day  of  Decem¬ 
ber. 

The  winds  were  very  variable  during  this  whole 
year. 

As  for  the  heat  and  cold  pointed  out  by  the 
thermometer,  I  have  found  mine,  which  I  have 
ufed  thefe  40  years,  at  the  beginning  of  the  year, 
at  the  loweft  at  18  parts  January  18,  and  towards 
the  end  of  the  year  at  22  parts  December  25  j  it 
arofe  to  64  parts  July  2,  and  then  there  was  a  pret¬ 
ty  confiderable  ftorm.  It  muft  be  confidered, 
that  it  ufually  rifes  1 2  parts  about  2  or  3  hours  af¬ 
ter  noon,  above  what  it  is  in  the  morning,  and 
this  elevation  marks  the  greateft  heat  of  the  day, 
wherefore  if  to  the  64  parts,  where  it  was  in 
the  morning  of  July  2,  we  add  12,  we  fhall  have 
76  parts,  which  will  mark  the  greateft  heat  of  this 
year  ;  and  if  we  fubftraft  the  48  from  the  mean 
ftate,  there  will  remain  28  parts,  to  which  it  rofe 
above  the  mean  ftate  ;  but  if  from  the  lame  48 
parts  we  fubftraft  the  1 8  of  the  loweft,  there  will 
remain  30,  whence  it  follows,  that  the  greateft 
heat  of  this  year  has  almoft  as  much  furpalfed  the 
mean  ftate,  as  the  mean  ftate  furpalfed  the  cold, 
and  as  this  very  often  happens  according  to  my 
obfervations  we  might  fay  that  this  part  of  France 
is  the  true  middle  of  the  temperate  zone,  tho*  we 
are  almoft  4V  degrees  diftant  from  it  towards  the 
worth. 
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The  barometer  ferves  us  to  ohferve  the  weight 
of  the  air,  but  we  find  very  confiderable  irregu¬ 
larities  in  this  inftrument,  for  though  they  are  made 
with  a  great  many  precautions,  they  do  not  agree 
together.  In  fome  the  quickfilver  always  rifes 
feveral  lines  higher  than  in  others  in  the  fame  place 
which  cannot  be  afcribed  but  to  the  nature  of  the 
quickfilver.  That  which  I  have  uled  for  a  great 
number  of  years,  has  always  its  quickfilver  lefs  e- 
levated  by  three  lines  than  in  another  which  is  pla¬ 
ced  quite  near  it.  There  is  light  obferved  in  both 
of  them,  when  the  quickfilver  is  moved  in  its  tube, 
that  wherein  the  quickfilver  is  the  higheft,  was 
the  firft  wherein  the  light  was  firft  obferved. 

The  quickfilver  role  in  my  barometer  to  28 
inches  3  lines  \  at  the  higheft,  January  22,  there 
being  a  moderate  S.  E.  wind,  and  a  great  fog, 
but  fogs  are  not  obferved  to  have  any  effecft  upon 
it.  December  1,  it  was  alfo  at  28  inches,  and  al- 
1110ft  3  lines,  with  a  moderate  N.  wind  ;  and  the 
6th  of  the  fame  month  it  fell  to  26  inches  9  lines  \ 
with  a  moderate  S  S  W.  wind  •,  thus  the  difference 
of  the  heights  of  the  quickfilver  this  year  was  1 
inch  6  lines,  which  is  the  greateft  variation  of  height 
in  this  country,  and  it  often  happens. 

This  inftrument  may  ferve  to  foretell  pretty 
nearly  the  alterations  of  the  weather,  which  happen 
from  day  to  day,  and  yet  we  cannot  be  very  cer¬ 
tain  of  it,  but  in  general  when  the  quickfilver  is 
low,  there  fhould  be  rain,  and  when  it  is  high 
there  fhould  be  fair  weather,  though  the  air  is  then 
much  heavier  than  when  it  is  low.  1  am  perfuaded 
that  the  fair  or  rainy  weather  does  not  depend  up¬ 
on  the  weight  or  lightnefs  of  the  air,  but  that  it 
comes  only  from  the  wind,  and  I  do  not  mean  it 
of  the  wind  in  general,  but  of  thofe  winds  which 
come  from  far,  either  from  the  utmoft  north,  or 

U  2  the 
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utmoft  fouth,  and  not  of  thofe  which  are  engen¬ 
dered  on  the  furface  of  the  earth;  for  the  fun  raifing 
the  vapours  more  in  the  fouthern  than  in  the  north¬ 
ern  countries,  the  fouthern  winds  muft  give  us 
rain  more  often  than  the  northern.  And  as  we 
know  by  all  the  obfervations  that  have  been  made 
towards  the  north,  that  the  atmofphere  is  higher 
there  than  towards  the  equator,  it  muft  happen 
that  the  winds  which  come  from  the  north,  will 
raife  the  atmofphere  in  our  temperate  zone  higher 
than  ufual,  and  confequently  the  quickfilver  will 
rife  by  the  greater  weight  of  the  atmofphere,  and 
the  air  will  become  clear  becaufe  of  the  north  wind. 
It  will  be  contrary  with  regard  to  the  winds  which 
come  from  the  fouth,  into  thefe  countries.  What 
I  have  juft  faid  for  our  northern  temperate  zone, 
muft  be  extended  in  like  manner  to  the  other, 
which  is  fouthern. 

It  is  commonly  obferved,  that  towards  the  mid¬ 
dle  of  the  fpring  the  wind  is  pretty  cold,  though  it 
comes  from  the  fouth,  where  the  earth  is  very  much 
heated  by  the  prefence  of  the  fun,  and  we  fay  it  is 
not>  yet  fufficiently  heated  to  warm  the  air  which 
touches  it,  and  is  brought  to  us  by  the  wind,  but 
I  think  we  may  yet  give  another  reafon  for  it;  for 
at  that  time  the  lands,  from  whence  this  wind 
comes,  are  covered  with  herbs  and  green  trees,  the 
leaves  of  which  are  not  eafily  heated  by  the  lun 
which  touches  them,  and  confequently  cannot  heat 
the  air  which  furrounds  them,  contrary  to  what 
muft  happen  when  thefe  herbs  are  dried,  and  the 
fun  immediately  heats  the  earth  or  fand,  which  re¬ 
ceive  a  very  great  imprcflion  from  it.  I  do  not 
jpeak  of  the  waters,  for  it  is  known  that  they 
receive  but  little  impreffion  from  the  prefence  of 
the  fun. 

We 
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We  have  examined  the  declination  of  the  needle 
December  30,  with  three  different  needles  and  of 
different  conftrudion,  2  of  which  were  8  inches 
long,  one  of  thefe  needles  is  that  which  I  have  u- 
fedfor  a  great  number  of  years, and  we  have  found 
it  to  be  1 1  9  1  o',  in  the  fame  place  and  in  the  fame 
manner  as  the  preceeding  years.  This  declination 
is  a  little  lefs  than  that  of  laft  year.  The  third 
needle  is  13  inches  |  long,  and  it  has  given  11s  the 
fame  declination  as  the  two  others,  ii°  iq'. 
Thefe  three  needles  are  very  light  and  moveable. 
My  old  needle  of  8  inches  is  a  (feel  wire  ending 
in  two  (lender  points,  the  other, of  the  (lime  length, 
is  in  form  of  a  flatted  fpindle,  as  feveral  have  been 
lately  made. 

The  third,  which  is  1 3  inches  f,  is  a  little  plate 
of  fleel,  very  fine  and  thin,  but  placed  in  a  box 
after  a  quite  new  manner,  wherefore  I  thought  pro¬ 
per  to  give  a  defcription  of  it,  which  is  the  fub- 
jed  of  the  next  article. 

II.  Of  the  conflrndUon  of  the  compaffes  vfed 
to  obferve  the  declinatio?2  of  the  magnetical 
needle  •,  by  M .  de  la  Hire. 

The  box  ufed  in  thefe  forts  of  compafifes  muft  be 
of  a  fquare  figure,  or  elfe  oblong,  the  two  fidesof 
which,  that  are  to  be  turned  toward  the  north, 
muft  be  exadly  parallel,  and  exactly  fquare  with 
the  bottom  of  the  box.  The  matter  of  this  box  is 
ufually  brafs  or  wood,  veryclofe,  and  not  fubjed 
to  warp  either  by  moifture  or  drynefs;thofe  which 
are  of  brafs,  or  in  which  there  are  any  pieces  of 
brafs,  are  ftftjed  to  errors,  efpecially  if  the  brafs 
has  been  melted,  for  there  are  often  fome  grains 
of  iron  in  it,  which  turn  the  needle  from  its  true 

direction. 
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direction.  Thofe  which  were  are  of  wood  warp 
very  eafily,  and  as  they  are  made  of  feveral  pieces 
they  very  often  unglue,  and  it  may  be  fufpe&ed 
that  there  are  fome  grains  of  iron  in  the  glue  with 
which  all  the  pieces  are  joyned.  Wherefore  to  a- 
void  thefe  accidents,  I  have  thought  of  making 
thefe  boxes  of  white  marble,  or  of  pierrc  de  liais *, 
which  isalmoft  equal  to  it  in  hardnefs. 

On  the  bottom  of  this  box  muft  be  drawn  both 
on  the  infide  andoutfide  a  right  line,  according  to 
its  length,  which  divides  its  breadth  into  two  equal 
parts,  or  if  the  box  was  fquare,  thefe  lines  muft 
be  parallel  to  the  fides  of  the  box,  which  is  to  be 
ufed  in  the  obfervation  to  direct  them  according  to 
the  meridian  line. 

To  draw  thefe  lines  true,  and  to  prove  whether 
the  box  is  of  equal  breadth  every  where,  we  muft 
make  a  caliper  of  tin  or  pafte-board,  which  em¬ 
braces  the  fides  of  the  box,  and  may  go  down  to 
the  bottom  on  the  infide  refting  on  the  fides  of  the 
box.  Divide  this  caliper  length  ways  into  two 
equal  parts  by  a  fmall  line,  and  the  extremity  of 
this  line  will  mark  upon  the  bottom  of  the  box, 
the  middle  of  the  breadth  of  the  bottom  of  the  box, 
and  underneath  the  box  the  trufqutn  will  do  the 
fame  office.  This  trufquin  is  an  inftrument  of  the 
joiners. 

Afterwards  having  divided  the  length  of  the 
line  drawn  on  the  bottom  of  the  box  into  two 
equal  parts,  make  a  little  hole  in  the  point  of 
divifion,  which  muft  anfwer  to  the  middle  of  the 
line  under  the  box  \  this  hole  will  lerve  to  receive 
the  pivot,  which  is  to  fuftain  the  cap  of  the  needle. 
This  pivot  muft  be  of  brafs,  not  of  fteel,  and  muft 

*  A  very  hard  fort  of  ftone,  taken  out  of  the  quarries  of 
Arcueil ,  near  Paris. 
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diminifh  from  its  bafe  to  its  point,  which  muff  be 
very  fine,  and  placed  exactly  perpendicular  on 
the  bottom  of  the  box,  and  anfwer  to  the  point 
which  equally  bife<fts  the  line  drawn  through  the 
middle  of  the  box.  This  pivot  muft  be  fo  firm 
as  not  to  vary  by  the  motion  of  the  needle,  when 
the  compafs  is  removed,  the  caliper  being  applied 
acrofs  the  box,  will  fhew  whether  the  point  of  the 
pivot  is  true  in  its  place.  It  muft  be  o  ferved, 
that  the  pivot  fhould  be  of  a  proper  height,  to 
leave  the  needle  at  liberty  to  move  from  one  fide 
to  the  other,  without  being  too  much  hindered  by 
the  bottom  of  the  box,  nor  by  the  glafs  with  which 
the  box  is  covered. 

On  the  infide  of  the  box  and  towards  the  extre¬ 
mities  of  its  length,  if  it  is  not  fquare,  fallen  two 
equal  arches  of  a  circle,  which  muft  be  divided 
into  their  degrees,  and  into  their  leaft  parts  poffi- 
ble.  The  inner  radius  of  thefe  arches  muft  be  e- 
qual,  or  as  little  as  poftible  greater  than  the  half  of 
the  length  of  the  needle,  that  by  turning  upon  its 
pivot,  it  may  almoft  touch  with  its  points  the  in¬ 
ner  edge  of  thefe  arches,  to  ftiew  exactly  the 
quantity  of  the  declination  of  the  animated 
needle. 

The  matter  upon  which  thefe  arches  are  to  be 
drawn,  muft  not  be  of  brafs,  for  fear,  as  I  faid 
before,  there  fhould  be  a  grain  of  iron  in  it,  but 
rather  of  pewter,  ivory,  or  fine  paftboard.  Thefe 
arches  muft  be  a  little  elevated  above  the  bottom 
of  the  box,  being  placed  on  two  brackets  of  wood, 
to  the  height  of  the  needle,  and  thefe  brackets  muft 
be  ftrongly  fixed  in  the  bottom  of  the  box.  The 
arches  are  fillened  upon  the  brackets, when  the  right 
line  which  paflfes  through  their  middle,  or  thro* 
the  points  of  o  of  their  divifion,pafles  alfothrough 
the  point  of  the  pivot,  and  when  it  is  exa&ly 

parallel 
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parallel  to  the  Tides  of  the  box,  which  will  be  eafi. 
ly  done,  by  making  ufe  of  the  caliper  already  em¬ 
ployed,  from  which  a  part  of  its  height  may  be 
retrenched,  fince  we  have  no  more  to  do  than  tc 
go  juft  to  the  top  of  the  arches  *,  for  this  caliper 
being  applied  to  the  breadth  of  the  box,  and  em¬ 
bracing  its  Tides,  the  line  which  is  drawn  in  it' 
middle,  and  which  is  parallel  to  the  Tides  of  the 
box,  muft  agree  with  the  points  of  o  of  the  arches 
and  with  the  point  of  the  pivot,  as  has  already 
been  done. 

All  the  needles  of  the  compafles  fhould  be  of 
tempered  fteel,  but  as  light  as  their  length  can  pof- 
fibly  admit.  They  are  made  of  different  figures, 
and  the  mod  common  are  in  form  of  a  flatted  ar¬ 
row,  and  the  point  of  it  which  reprefents  the  head 
muft  turn  to  the  north, and  the  oppofite  point  to  the 
fouth.  The  right  line,  which  goes  from  one  poini 
to  the  other,  muft  pafs  through  the  bottom  of  the 
cap, for  which  reafon  we  may  bend  the  two  branch¬ 
es  a  very  little  upwards,  but  we  cannot  be  fure 
that  the  two  points  agree  with  the  bottom  of  the 
cap  but  by  trying. 

We  fuppofe  in  the  firft  place,  that  the  needle  is 
well  prepared,  and  well  poifed  upon  its  pivot, 
When  the  two  arches  of  a  circle  are  placed  and 
faftened  in  the  box,  care  muft  be  taken  that  the 
points  of  o  of  their  divifion  and  the  point  of  the 
pivot  be  in  a  right  line  ;  wherefore  if  the  needle 
is  well  prepared  when  it  is  put  upon  its  pivot,  its 
two  points  muft  agree  exadtly  with  the  fame  two 
points  of  divifion  of  the  arches,  and  if  the  points 
do  not  agree  with  them,  we  need  only  gently  bend 
one  of  the  branches  upon  the  flat  to  turn  the  point 
where  it  is  neceflary.  This  pradlice  will  ferve  foi 
other  needles  of  any  figure  whatfoever. 
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When  thefe  forts  of  needles  are  very  long,  as  a 
Foot  or  more,  they  become  very  heavy,  and  are 
fubjedt  to  flop  out  of  their  true  pofition;  wherefore 
fome  have  been  made  of  thefe  lengths,  with  very 
thin  branches,  and  bearing  at  their  extremities  two 
pretty  thick  pieces  of  fteel  ending  in  a  fine  point. 
Thefe  two  bits  of  fteel  being  animated  with  the 
needle,  are  like  two  loadftones  fituated  in  thofe 
places.  When  thefe  needles  are  in  motion,  they 
make  a  great  many  vibrations  up  and  down  by  the 
great  flexibility  of  the  fpring  of  the  branches. 
But  thefe  two  bits  of  fteel  being  therefore  like  two 
loadftones  joined  by  the  branches  of  the  needle, one 
might  fufpedl  that  the  direction  of  the  magnetical 
matter  in  one  of  thefe  loadftones,  would  not  be  juft 
the  fame  as  that  of  the  other;  and  that  there  might 
be  one  compounded  out  of  them  far  from  the  true 
one,  much  as  it  happens  when  we  put  upon  the 
glafs  of  a  compafs  another  animated  needle  placed 
on  its  pivot,  and  exactly  over  that  within  the  box; 
for  we  fee  that  thefe  two  needles  turn  feveral  de¬ 
grees,  one  of  them  one  way  and  the  other  to  the 
other,  and  that  they  place  themfelves  one  above 
the  other  contrary  to  their  poles,  as  it  happens  to 
a  loadftone  that  has  been  cut  in  two,  according  to 
its  poles. 

Other  needles  have  been  made  in  form  of  a 
fhuttle,  flat,  and  pointed  at  both  ends,  with  the 
middle  perforated  to  receive  the  cap  ;  but  I  have 
obferved,  that  they  always  are  very  heavy  ;  if 
they  are  pretty  long,  it  is  true  they  may  contain 
a  great  quantity  of  magnetical  matter,  but  yet,  as 
has  been  faid,  they  are  very  fluggifh. 

In  the  laft  place  I  am  perfuaded  by  experience, 
that  the  beft  of  all  the  needles,  are  thofe  which 
are  formed  of  a  fteel  wire,  very  ftrait,  and  a  lit¬ 
tle  flatted  and  pointed  at  the  two  ends,  and  a  good 
Vol.V.  N°.49.  X  '  deal 
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deal  extended  in  the  middle,  to  be  perforated  in 
order  to  receive  the  cap.  But  as  this  cap,  which 
is  of  brafs,  is  always  heavy,  I  have  thought  pro¬ 
per  to  take  off  a  great  part  of  it  at  the  bottom, 
and  from  the  fide  of  the  branches  of  the  needle, 
and  to  leave  it  but  about  the  third  part  of  its  height 
toward  the  point  ;  by  this  means  the  needle  be¬ 
comes  very  light,  and  cannot  get  out  of  the  pivot, 
for  the  vibrations  of  the  needle,  which  are  made 
according  to  its  length,  are  too  fhort  towards  the 
pivot  to  get  away  from  it,  contrary  to  thofe  which 
are  made  fidewife  ;  but  in  this  place  the  cap  is 
not  voided. 

To  give  the  lafl  perfedtion  of  the  box,  we 
muff  make  a  little  ledge  on  the  top  of  the  infide 
of  the  box,  to  fupport  a  glafs,  which  muff  be  a 
very  little  raifed  above  the  top  of  the  cap,  which 
has  two  little  wings  towards  its  point,  that  are 
perpendicular  to  the  length  of  the  needle.  Thefe 
wings  ferve  to  hinder  the  needle  from  getting  off 
its  pivot,  when  the  box  is  removed. 

Great  care  muff  be  taken  to  ftop  the  clefts  be¬ 
tween  the  edges  of  the  glafs  and  the  ledge,  for  fear 
the  wind  fhould  get  in,  which  would  fhake  the 
needle.  I  have  found,  that  to  remedy  this  incon-. 
venience,  we  may  glue  upon  the  ledge  fome  little 
flips  of  fine  cloth  for  the  glafs  to  reft  upon,  and  by 
this  means  the  wind  cannot  get  into  the  box. 

When  weobfervethe  declination  of  the  needle, 
it  is  always  proper  to  turn  the  box  different  ways, 
to  fee  whether  the  fame  declination  is  found  on 
both  Tides ;  and  if  the  box  is  long,  and  the  needle 
cannot  make  an  entire  turn,  we  may  change  the 
pofition  of  the  needle  in  the  box. 

My  principal  defign  was  to  fpeak  only  of  the 
great  compaffes,  upon  which  one  may  eafily  fee 
the  degrees  and  their  parts,  and  not  of  thofe  which 

are 
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are  ufed  at  fea,  which  are  fo  clumfy,  that  we  may 
juftly  wonder,  how  they  can  truft  to  them  in  the 
guiding  of  a  fhip ;  but  we  have  nothing  better, 
or  more  convenient. 

III.  A  method  of  fhooting  bombs  to  advantage , 
by  M.  de  Reffons*;  tranf.ated  by  Mr .  Cham¬ 
bers. 

Tho’  theory  joined  with  praCtice  be  the  fureft 
way  of  attaining  the  perfection  of  an  art,  yet  ex¬ 
perience  has  convinced  me,  that  theory  is  of  very 
little  fervice  in  the  ufe  of  mortars. 

In  M.  Blonde? s  book  we  have  the  diftance  of 
the  parabolic  lines,  for  the  different  degrees  of  e- 
levation,  deferibed  with  great  exaCtnefs  *,  but  by 
the  practice  it  appears,  that  there  is  no  theory  in 
the  effeCts  of  gun-powder  ;  for  having  applied 
myfelf  to  point  mortars  agreeably  to  his  calcula¬ 
tions,  I  could  never  fix  any  foundation  on  their 
footing. 

I  will  not  however  advance,  that  if  the  bombs 
were  all  of  an  equal  weight,  if  the  powder  were 
always  difpofed  alike,  and  the  platform  fo  firm  as 
never  to  give  way,  the  theory  might  not  be  ufed 
to  good  purpofe,  but  fuch  a  multitude  of  irregu¬ 
larities  arife  both  iri  the  manner  of  charging  mor¬ 
tars,  the  different  weights  of  bombs,  and  the  dif¬ 
ferent  qualities  of  gunpowder,  that  the  mofl  ex¬ 
perienced  gunner  cannot  anfwer  for  throwing 
three  bombs  running  with  exaCtnefs,  unlefs  he  ufe 
the  following  expedients,  which  long  praCtice  has 
taught  me. 

I  begin  with  fhewing  all  the  irregularities, 
which  I  divide  into  3  clafies ;  8  whereof  lie  in  the 

*  March  24,  1716. 

X  2  bomb, 
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bomb,  13  in  the  mortar,  and  4  in  the  gun- 

,  j  JJ  '•  * 

powder. 

1  ft.  They  differ  from  each  other  in  weight. 
For  that  being  all  caff  feparately  in  moulds,  fome 
alteration  always  happens  either  in  re-heating 
thofe  moulds,  or  the  core  in  the  middle  which  is 
fometimes  bigger,  and  fometimes  lefs,  or  by  the 
fows  being  run  hotter,  and  confequently  being 
more  liquid,  or  cooler,  and  more  denfe,  which 
depends  on  the  moifture  or  drynefs  of  the  weather, 
by  all  which,  bombs  out  of  the  fame  furnace,  and 
the  fame  hands,  ufually  differ  5  pound  in  weight 
From  each  other. 

2dly.  Becaufe  the  beads  which  fuftain  the  core 
are  not  always  equal,  but  feveral  lines  longer  or 
fhorter  than  each  other;  whence  the  bomb  be¬ 
comes  thicker  of  metal  on  one  fide  than  the  o- 
ther,  which  gives  it  a  biafs  in  the  air  towards  the 
heavieft  fide. 

3dly.  The  different  fituation  of  the  ears  of  the 
bomb,  which  the  workman  only  places  by  his 
eye,  but  which  being  a  few  lines  nearer,  or  farther 
off  the  centre  of  the  mouth  incommode  it  in  its 
paffage  by  the  refiftance  of  the  air,  which  is  greater 
or  Jefs  according  to  the  pofition  of  the  ears. 

4thly.  By  reafon  there  frequently  prove  bliflers 
or  cavities  in  the  metal,  which  change  the  equi¬ 
librium  of  the  bomb  ;  and  the  air  entering  fuch 
cavities  when  they  chance  to  be  open,  ( as  may  be 
known  by  the  hiffing  it  makes)  the  motion  of  the 
bomb  is  retarded  hereby. 

5thJy.  Becaufe  the  moulds  frequently  chap  as 
they  dry,  and  thus  occafion  feams  and  inequalities 
on  the  lurfaceof  the  bomb. 

6thly.  Becaufe  the  core  is  fometimes  fituate  too 
much  forwards  or  backwards ;  and  thus  putting 

the 
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the  cavity  out  of  its  place,  changes  the  propor¬ 
tion  and  equilibrium  of  the  bomb. 

7thly.  Becaufe  the  fuzees  ufed  in  bombs  can¬ 
not  be  made  with  juft  one  inch  projedture,  as  it 
were  to  be  defired ;  but  fome  ftand  out  an  inch 
and  j,  or  2  inches,  and  others  only  {,  or  f  of  an 
inch,  whence  according  to  thejr  different  lepgths, 
they  have  different  effedts  on  the  air  no  ways  to  be 
prevented  *,  for  that  when  a  fufe,e  when  driven  tp 
its  pitch  muft  be  driven  no  further,  for  fear  of 
burfting,  as  I  have  frequently  known  it  do,  $nd 
hereby  burft  the  bomb  in  the  mortar  as  foon  as 
fired. 

, ,  .  ,  ,  ,  / 

Sihly.  That  the  bomb  has  its  ipouth  frequent¬ 
ly  a-crofs,  whence  the  fufee  being  obliquely  pla¬ 
ced,  retards  its  courfe  in  the  air,  and  makes  ic 

•  k  o  •  '» 

wabble. 

I  could  mention  numerous  other  inconveniences, 
but  having  touched  on  the  principal,  I  fhall  pafs 
them  over,  and  proceed  to  the  defedls  arifing 
from  the  mortar. 

1  ft.  How  carefully  foever  the  mortar  be  point¬ 
ed  by  the  feveral  degrees,  a  good  nurpbej*  of 
throws  are  always  made,  ere  the  proper  one  be 
found. 

2dly.  When  it  is  found,  ’ti$  very  difficult  to 
replace  it  in  the  fame  point,  either  upon  the  plat¬ 
form’s  yielding,  or  the  mortars  fhaking  to  the 
right  or  left  in  the  holes  of  its  trunnions. 

3dly.  Suppofing  it  exactly  pointed  every  time, 
when  the  powder  is  put  in  the  chamber,  they  lay 
a  cloth  over  to  prevent  its  communicating  with 
the  earth  ;  and  this  cloth  frequently  makes  vacant 
lpaces,  or  the  powder  is  more  on  one  fide  than 
the  other. 

4thly.  Being  obliged  to  cram  earth  in  to  fill 
the  chamber  more  compleatly,  it  fomctimes  proves 
1  moift, 
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moift,  and  fometimes  dry,  and  thus  has  different 
effedts  on  the  powder. 

5thly.  Over  this  earth  they  always  lay  a  wooden 
tampion,  which  they  beat  down  with  a  rammer, 
but  beat  it  unequally,  which  makes  a  confiderable 
alteration. 

6thly.  The  tampions  are  frequently  either  too 
big,  or  too  little  ;  if  too  big,  they  do  not  enter 
far  enough,  but  leave  an  empty  fpace  within  the 
chamber  ;  and  if  too  little,  they  fink  too  deep  ; 
and  thus  coniine  the  charge,  either  of  which  is  a 
great  inconvenience. 

7thly.  The  tampions  are  frequently  driven 
more  on  one  fide  than  the  other,  fo  that  ftriking 
the  bomb  out  of  its  centre,  they  make  faulty 
fhots. 

8 thly .  After  the  bomb  is  placed  in  the  mortar, 
they  are  obliged  to  fill  its  mufsle  with  earth,  which 
they  beat  in  with  the  edge  of  the  rammer,  and 
fometimes  more  of  it,  and  fometimes  lei's. 

9thly.  The  bomb  is  frequently  found  either 
too  deep  or  too  fhallow  in  the  mortar,  by  reafon 
of  the  different  thickneffes  of  its  bed,  occafioned 
by  the  more  or  lefs  earth  put  therein,  which  alfo 
occafions  great  errors. 

iothly.  The  platforms  fhrink  and  recoil  in  the 
explofion. 

1 1  thly.  They  frequently  incline  more  one  way 
than  the  other,  which  throws  the  bomb  either  to 
the  right  or  left  accordingly. 

i2thly.  One  trunnion  has  frequently  more  play 
and  liberty  than  another,  which  makes  the  mor¬ 
tar  throw  falfe. 

1 3thly.  As  the  mortar  heats,  the  more  you 
flioot,  the  more  fkill  is  required  to  leffen  the  po  w¬ 
der  in  pioportion. 


Thefe 
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Thefe  are  the  chief  defers  which  arife  from 
the  mortar:  as  to  the  powder, 

iff.  The  gun-powder  in  one  and  the  fame  bar¬ 
rel  is  rarely  equal,  or  if  it  were,  when  that  barrel 
was  fpent,  and  another  opened,  there  will  be  a  no¬ 
table  difference,  either  by  the  one’s  having  been 
laid  over  the  other,  to  the  fun  or  rain,  or  by  the 
others  having  lain  on  the  earth,  and  attracted 
moifture. 

2dly.  Tho’  the  powder  were  ever  fo  equal,  er¬ 
rors  would  arife  from  its  difpofition  and  arrange¬ 
ment  in  the  mortar,  being  fometimes  too  clofe,  and 
at  other  times  too  open. 

3dly.  The  grain  of  the  powder  being  unequal, 
when  it  is  a  little  too  big,  the  fire  will  be  better 
communicated  thro’  the  fpace,  than  when  fmaller 
and  clofer. 

4thly.  The  weather  makes  a  change  in  the 
powder,  which  is  weaker  in  moift  weather,  and 
ftronger  when  dry. 

I  might  enumerate  feveral  more  defeats,  but 
thofe  already  mentioned  fuffice  to  prove  that  how 
juflly  foever  a  mortar  be  pointed  according  to  the 
rules,  ’twill  be  difficult,  fo  many  inconveniences 
which  long  pradHce  has  taught  me  to  do,  and 
which  I  have  performed  with  fuccels  in  the  fieges 
of  Nice ,  Algiers ,  Genoa ,  Tripoli^  Rofes ,  Palamos , 
Barcelona ,  Alicant ,  and  numerous  other  places 
bombarded  under  my  care. 

To  remedy  the  defedl  of  bombs  ere  we  pro¬ 
ceed  to  charge  them,  we  muff  range  them  with 
the  mouth  upwards  and  the  breech  downwards, 
as  perpendiculary  as  poffible,  fo  that  by  viewing 
them  one  after  another  it  may  be  eafiJy  perceived 
whether  any  of  their  mouths  be  awry,  which  will 
denote  them  thicker  in  metal  on  one  fide  than  on 
the  other,  all  which  are  to  be  thrown  by  j  and  the 

like 
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like  muft  be  done  by  thofe  whofe  ears  are  difpro- 
portioned,  or  which  have  any  confiderable  blifters 
in  the  metal,  refervin'g  all  thefe  faulty  bombs  ’till 
there  be  occaiion  of  throwing  into  towns,  where 
if  they  mifs  one  part  they  may  do  execution  in 
another. 

Having  made  choice  of  the  better,  a  number 
of  the  belt  of  thefe  mull  be  weighed  and  referved 
for  fhots  of  confequence,  dividing  them  into  feve- 
ral  lots,  and  throwing  all  thofe  from  125  pounds 
to  130  pounds  into  one  lot;  thofe  from  130 
pounds  to  135  pounds  into  another  lot  ;  and  thofe 
from  135  pounds  to  140  pounds  into  another  ; 
and  fo  of  the  reft  :  then  chufing  for  each  bomb  a 
fufee,  which  may  only  ftand  an  inch  out  of  the 
mouth  when  the  bomb  is  charged,  and  the  fufee 
driven  full  to  its  place,  the  bombs  are  to  be  laid 
by  in  their  lots  to  be  in  readinefs  for  throwing  up¬ 
on  any  important  place,  as  a  magazine  of  powder, 
a  retrenchment,  or  the  like.  The  reafon  is,  that 
having  fuch  bombs  nearly  of  an  equal  weight, 
the  quantity  of  powder  may  be  adjufted  to  the 
lot  they  are  taken  from  ;  thus  much  for  the 
bomb. 

As  to  the  powder,  to  have  it  as  equal  as  poftible 
an  eftimate  muft  be  made  of  the  number  of  bombs 
to  be  thrown  in  a  day  or  night,  and  the  quantity  of 
powder  requifite  thereto  to  be  computed.  For  an 
inftance  finding  200  bombs  like  to  be  thrown  in  a 
night,  at  6  pounds  of  gunpowder  each,  1200 
pounds  of  powder  muft  be  poured  on  a  large  cloth 
and  well  ftirred  and  mixed  together,  after  which 
it  may  be  put  up  in  barrels  again,  and  will  be 
found  as  equal  as  military  expedition  will  admit 

off. 

As  to  the  mortar,  care  muft  be  taken  to  make 
two  platforms,  one  on  either  fide  for  each  mortar, 

and 
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and  when  one  of  them  has  fhrunk  by  a  multitude 
of  fhots,  the  mortar  mud  be  placed  on  the- other* 
while  the  former  is  refitting  to  charge  the  mortar, 
it  muft  be  fet  upright  on  its  trunnions,  and  the 
powder  poured  into  its  chamber,  by  meafure  not 
by  weight,  ranging  it  as  even  as  poflibly  with  the 
hand,  and  then  ipreading  a  dry  cloth  thereon,  cut 
of  the  proper  fize  fo  as  there  may  neither  be  too 
much  nor  too  little,  the  chamber  then  to  be  filled 
up  with  earth,  which  is  to  be  well  beat  down  with 
the  hand,  then  without  any  wooden  tampion  be¬ 
tween  half  an  inch  thick  of  earth  to  be  laid  thereon 
as  a  bed  for  the  bomb,  it  remains  now  to  put  the 
bomb  in  the  mortar  with  its  mouth  in  the  middle 
of  the  barrel,  taking  care  that  it  touch  not  the  me¬ 
tal  on  either  fide,  whicii  may  be  prevented  by  ca- 
fing  it  all  around  with  earth. 

The  mortar  being  thus  charged,  if  the  bomb 
happen  by  accident  to  have  only  one  ear,  the  o- 
ther  being  broke  ofFin  thechargingor  difcharging, 
care  muft  be  taken  to  break  oft'  the  ear  remaining, 
with  a  wooden  mallet,  other  wife  it  will  fly  a- 
wry. 

Every  thing  thus  prepared  the  mortar  is  to 
be  gently  Jet  down,  and  pointed  by  the  quad¬ 
rant  to  the  degree  found  moft  convenient,  aim 
may  be  taken  by  a  plummet  which  dividing 
the  mortar  exactly  into  two,  the  fight  is  to  be 
levelled  over  it  to  the  object  as  exadt  y  as  pofti- 
ble,  but  in  all  this  practice  is  of  more  eft'edt  than 
theory. 


Vol.V.  N°.  50.  Y 
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IV.  On  the  longitude  of  the  freights  of 
Magellan,  by  M.  Delifle*. 

We  know  it  is  of  great  importance  for  naviga¬ 
tion  to  be  well  afilired  of  the  longitude  of  places 
frequented  by  our  fhips.  And  it  mult  be  allowed 
to  be  of  great  advantage  to  make  ufe  of  all  oppor¬ 
tunities  of  rectifying  what  knowledgewe  have  of  if, 
not  only  by  aftronomical  obfervations,  but  alfo  by 
other  ways. 

In  effect  the  obfervations  made  by  two  naviga¬ 
tors  on  board  the  Saint  Louis ,  which  I  have  re¬ 
lated  in  the  memoirs  of  1710,  fhew  300  leagues  of 
error  in  the  map  of  Pieter  Goos>  in  the  diftance 
of  the  (freights  of  Magellan ,  from  the  rocks  or 
ifles  of  Lrtjlan  de  Cunha ;  that  this  error  would 
have  caufed  the  lofs  of  the  fhip,  but  that  happily 
the  rocks  were  perceived  in  the  day-time,  and  that 
this  great  difference  between  the  eftimation  of  the 
officers  and  a  map  which  all  navigators  make  ufe 
of,  had  made  them  fancy  thefe  ifles  to  be  a  new 
difcovery. 

I  have  advanced  in  the  fame  memoir,  that  in 
the  beft  maps  the  diftance  was  {till  too  great  by 
170  leagues, and  among  others  in  Dr  .Halley’s  chart 
of  the  variations,  in  which  the  mouth  of  the  Rio 
Gallega  at  the  eaftern  part  of  the  ftraights  of  Mag¬ 
ellan,  was  marked  10 9  more  to  the  weft  than  it 
ought.  I  have  fupported  this  correction  not  only 
by  the  eftimation  of  thefe  gentlemen,  but  alfo  by 
an  obfervation  made  by  F.  Mafcardi ,  in  the  valley 
of  Bucalere  in  Chili ,  the  diftance  of  which  from 
the  Rio  Gallega  being  known,  I  concluded  its 
longitude  with  regard  to  Paris ,  and  its  diftance 
from  the  Cape  of  Good  llofe. 

*  April  4,  1716. 
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Dr.  Halley  in  the  philofophical  tranfaffions*, 
does  not  allow  of  this  corredtion,  and  fays  he  can. 
by  no  means  grant  an  error  of  io°,  to  be  poftible 
in  his  longitude  of  the  Magellan  {freights.  He 
fays,  the  1350  leagues,  which  the  fhip  St.  Louis 
made  from  the  ftraights  of  Magellan  to  the  Cape 
of  Good  Hope ,  confirms  inftead  of  invalidating 
what  he  has  laid  down  concerning  the  (freights  of 
Magellan ,  and  the  Cape  of  Good  Hope ,  but  it 
muff  be  obferved,  that  tho*  the  courfe  of  this  fhip 
was  in  general  E.  N.  E.  yet  it  could  not  exadlly 
follow  this  rhumb,  during  fo  long  a  traverfe, 
turning  fometimes  to  the  N.  and  at  other  times 
more  to  the  E.  and  that  the  eftimation  of  thefe 
gentlemen  makes  but  85°  50'  between  thefe  two 
lands,  which  comes,  as  I  have  faid,  to  i°  |  near¬ 
ly,  as  refults  from  the  obfervations  of  F.  Mar - 
fcardi. 

Dr.  Halley  gives  the  reafons  which  determined 
him  to  aftign  this  longitude  to  the  ftraights  of 
Magellan  *,  and  they  are,  fir  ft,  an  eclipfe  of  Sept. 
18,  1670,  obferved  by  Capt.  John  Wood  in  port 
St.  Julian,  at  juft  8  at  night*,  and  at  i4h  22'at 
Dantzick ,  by  M.  Hevelius  ;  by  which  the  longi¬ 
tude  is  known  with  regard  to  London ,  whence  he 
concludes  the  difference  of  the  meridians  between 
London  and  this  port  to  be  7 6°.  Second,  the  ef¬ 
timation  of  Capt.  Strong ,  whofe  journal  he  has  in 
his  cuftody,  which  makes  450  of  longitude  be¬ 
tween  the  ftraights  of  Magellan  and  the  ifland  of 
Lrinidada ,  of  which  Dr.  Halley  fays  he  knows 
the  longitude  with  regard  to  London .  Hence  he 
concludes  that  the  eaftern  part  of  the  ftraights  of 
Magellan  is  75 Q  more  wefterly  than  London ,  as 
he  has  marked  it  in  his  chart.  Laftly  that  the 
currents  carry  the  fhips  weftward  towards  the 

*  N8.  341.  Jone^s  Abridgement,  Vol.IV.  Page  454. 
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coaft  of  America ,  which  makes  the  Jand  appear 
more  eafterly  then  it  really  is. 

To  thefe  reafons  I  oppofe,  firft,  that  the  obfer- 
vation  made  by  F.  Mafcardi ,  which  F.  Riccioli 
fays  is  exa&,  feerns  preferable  to  that  which  Dr. 
Halley  relates  from  Capt.  IFood,  though  he  may¬ 
be  a  good  iailor. 

Second,  that  the  currents,  which  fet  to  the  W. 
towards  the  coaft s  of  America,  reach  no  further 
than  to  the  30th  degree  of  fouthern  latitude,  and 
that  there  are  places,  where  the  current  is  quite 
contrary,  fetting  to  the  E.  as  I  h.  ve  related  in 
the  memoirs  of  1710,  on  occafion  of  the  voyage 
of  M.  Bigot  de  la  Canle. 

Laft'iy,  that  F .Feuillee  having  exadly  obferved. 
In  1709,  feveral  immerfions  of  the  fir  ft  fatellite  of 
Jupiter ,  at  the  Conception  and  at  Valparaifo , 
towns  of  Chili  near  Bacelene ,  thefe  obfervations 
being  compared  with  thole  which  v/ere  made  at 
the  fame  time  at  Paris ,  not  only  confirm  in  gene¬ 
ral  that  of  F.  Mafcardi ,  but  authorife  (till  more 
the  longitude  which  I  had  afligned  to  the  ftraights 
of  Magellan  j  whereas,  according  to  Dr.  Halley’s 
hypothefis,  the  eaftern  parts  of  thefe  Freights 
being  fuppofed  75 0  more  wefterlythan  London* 
and  consequently  77  j  more  than  Paris ,  as  F. 
Feuillee  finds  only  75°  j  between  Paris ,  and  the 
Conception ;  it  fhouid  follow  from  thence,  that 
the  entrance  of  the  ftraights  of  Magellan ,  on  the 
fide  of  the  north  lea,  would  be  more  wefterly  by 
20,  than  the  Conception ,  on  the  coafls  of  the  fouth 
fea,  which  is  contrary  to  all  probability. 


V. 
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V.  Obfervatzons  on  a  northern  light  ;  by  M. 

Maraldi*. 

We  have  obferved  a  rare  and  curious  pheno¬ 
menon,  which  appeared  in  April  1716,  We 
began  to  fee  it  on  the  nth  at  io1  f  F.  M.  two 
hours  after  the  twilight  was  entirely  gone. 

It  was  a  great  whiteifh  light  expanded  along  the 
horizon,  from  N.W.  to  N.  It  began  where  the  fun 
fets  in  fummer  below  the  weftern  foot  of  Auriga , 
then  fpreadover  the  weftern  leg  oi  Perfeus ,  and  paf- 
fing  between  the  conftellation  otAndromedaand  that 
of  Caff  ope  a ,  it  ended  in  that  part  of  the  heaven, 
which  was  below  the  head  of  Orpheus.' Thus  far  did 
this  light  extend  from  W toN  which  wasaboutSo0. 

Its  breadth  was  terminated  on  one  fide  by  the 
horizon,  whence  it  feemed  to  come  out,  and  rofe 
to  the  height  of  70,  except  toward  the  two  extre¬ 
mities,  where  it  was  lefs  broad,  its  brightnefs  was 
equally  fpread  on  all  fides,  and  it  grew  weaker 
only  toward  its  upper  part. 

The  fky  was  fo  bright,  efpedallv  in  this  part  of 
the  horizon,  and  this  light  was  fo  clear,  that  we 
could  fee  thro’  it  with  the  naked  eye,  the  princi¬ 
pal  (tars  of  Perfeus ,  Andromeda ,  Caffiopea .  The 
ftar,  which  is  in  the  weftern  knee  of  Perfeus ,  was 
about  20  lower  than  the  upper  extremity  of  the 
light ;  the  fine  ftar  in  the  head  of  Medufa  appear¬ 
ed  in  the  middle  of  i  s  breadth  ;  we  faw  alfo  to¬ 
wards  its  upper  bound,  the  moft  northern  fmall 
ftars  of  Andromeda ,  and  the  moft  fouthern  of 
Caffiopea. 

We  perceived,  that  the  ftars  of  the  head  of 
Medufa ,  and  of  the  knee  of  Perfeus  were  lefs  im- 
merged  in  this  light  at  the  beginning  of  its  appear- 
*  April  22,  1716. 
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ancethan  afterwards,  efpecially  the  ftar  of  Per  feus* 
which  made  at  the  fame  time  more  variation  in 
height  than  the  reft,  whilft  the  light  was  equally 
broad,  and  paffed  always  through  the  fame  ftars 
near  the  meridian,  which  did  not  vary  fenfibly  in 
diftance  with  regard  to  the  horizon,  which  fhews, 
that  this  light  did  not  partake  of  the  motion  of 
the  primum  mobile ;  and  confequently  that  it  was 
not  celeftial,  bur  rather  fixed  to  our  atmofphere, 
and  that  it  is  different  from  the  light  difcovered 
on  the  zodiac  by  M.  Cajfini*  which  partakes  of 
the  motion  of  the  primum  mobile ,  and  of  the  pro¬ 
per  motion  of  the  fun. 

Befides  the  conftant  and  uniform  light,  which 
was  like  the  day- break,  but  more  bright  and 
whitifh,  we  law  from  time  to  time  columns  of  a 
fomething  more  vivid  light,  which  had  the  ap¬ 
pearance  of  the  tails  of  comets.  Thefe  columns 
began  to  appear  at  the  horizon,  and  being  driven 
as  it  were  upwards,  rofe  a  little  above  the  upper 
extremity  of  the  light.  They  feemed  to  imitate 
fpouts  of  water  or  fufees,  and  one  might  fay  there 
were  fo  many  fpouts  of  light. 

We  faw  feveral  of  them  at  once,  which  tra- 
verfed  in  different  places  the  horizontal  light,  and 
rifing  higher, rendered  it  unequal  in  its  upper  part. 
They  were  about  2°  broad,  rofe  to  the  height  of 
7  or  8,  and  were  vifible  but  about  \  of  a  minute, 
or  |  a  minute  at  moil.  When  thefe  columns  had 
difappeared,  we  were  8  or  io  minutes  without 
having  any,  after  which  there  appeared  feveral 
others  like  the  firft,  in  different  parts  of  the  light  : 
thus  this  appearance  began  feveral  times  in  the 
fpace  of  an  hour,  and  continued  till  half  an  hour 
after  1 1  at  night.. 

After  1 1  hours  f ,  we  faw  no  more  of  thefe 
perpendicular  columns,  and  the  horizontal  light, 

which 
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which  had  till  then  preferred  its  brightnefs,  gra¬ 
dually  diminifhed,  whether  it  was  effaced  by  the 
pre fence  of  the  moon,  which  rofe  that  day  at 
11  hours  5,  that  is,  \  of  an  hour  before  the  co¬ 
lumns  difappeared,  and  the  light  faded  ;  or  the 
matter,  which  was  the  origin  of  ir,  was  not  in 
fuch  abundance  as  at  the  beginning. 

In  whatfoever  manner  this  happened,  the  light 
diminifhed,  fo  that  a  little  after  midnight  it  was 
no  longer  fenfible. 

The  next  day,  which  was  the  12th,  the  fky 
being  clear,  we  faw  a  track  of  light  like  that  of 
the  preceding  day,  fpread  underneath  the  conftel- 
lation  of  Cafftopea ,  but  this  light  was  faint,  and 
difappeared  in  a  little  time.  We  faw  but  once 
thefe  luminous  columns,  which  rofe  perpendicu¬ 
larly  to  the  horizon.  That  day  and  night  there 
was  a  ftrong  fouth-eaft  wind. 

April  13,  at  8  hours  J  P.  M.  the  twilight  be¬ 
ing  ended,  the  fky  beautiful,  and  the  air  calm, 
we  began  to  fee  at  the  horizon  below  the  ftars  of 
Cqfficpea  a  faint  light,  which  was  Hill  in  the  fame 
(late  at  10  hours.  But  at  10  hours  f-,  it  was  very 
much  augmented,  both  in  magnitude  and  bright¬ 
nefs.  It  was  much  larger  and  finer  than  the  day 
before,  but  a  little  lefs  bright  than  the  12th,  efpe- 
cially  toward  the  extremities.  Its  fituation  and 
extent  were  the  fame  as  the  firft  day,  and  it  re¬ 
mained  in  its  brightnefs  the  fpace  of  \  an  hour. 
Whilft  we  were  confidering  the  bounds  of  this 
light,  we  faw  appear  towards  the  mod  eaflern  ex¬ 
tremity  of  it,  one  of  thofe  columns  of  light,  which 
by  a  fuccefiive  motion  from  north-eaft  to  north- 
weft,  ran  in  a  few  minutes  thro*  its  whole  extent, 
and  ended  at  the  weftern  extremity.  Afterwards 
the  horizontal  light  began  to  fade,  and  entirely 
difappeared  about  {  an  hour  after  1 1. 


The 
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The  clouds  having  interrupted  the  obfervations 
2  days  fucceflively,  the  light  did  not  appear  after 
the  fky  was  cleared.  We  have  been  informed  by 
a  relation  lent  to  M.  de  Valincour ,  that  at  Dieppe , 
April  n,  at  io  hours  j  P.  M.  they  obferved  at 
the  horizon  toward  the  weft,  a  cloud,  which  ex¬ 
tending  toward  the  north,  and  rifing  in  the  fpace 
of  an  hour  to  the  height  of  35^,  formed  itfelf  in 
manner  of  a  globe,  which  afterwards  became  red, 
and  rofe  again  perpendicularly,  after  which  it 
emitted  a  flame,  which  lafted  about  |  of  an 
hour.  This  globe  afterwards  defcended  near  the 
horizon,  where  it  difperfed,  and  the  fky  being 
covered  at  midnight,  the  phenomenon  disappeared. 

This  observation  of  Dieppe  was  made  the  fame 
night  with  ours,  and  they  agree  in  fome  circum- 
ftances,  for  the  phenomenon  appeared  to  the  north, 
and  it  lafted  in  both  places  till  midnight.  But 
there  are  other  circumftances,  in  which  the  phe¬ 
nomena  do  not  agree.  At  Paris  we  began  to  fee 
the  light  at  10  hours  f  *,  at  Dieppe  at  the  fame 
hour  they  began  to  fee  the  cloud  to  the  weft,  and 
this  cloud  did  not  appear  red,  till  it  came  toward 
the  north  at  1 1  hours  f  :  thus  at  Dieppe  the  light 
did  not  appear  till  an  hour  after  the  firft  observa¬ 
tion  at  Paris. 

We  Saw  for  an  hour  together  Several  luminous 
columns  proceed  from  the  light,  whereas  in  the 
account  from  Dieppe ,  they  mention  only  a  flame, 
which  lafted  but  -  of  an  hour. 

Thefe  different  circumftances  fliew,  that  it  is 
not  the  fame  phenomenon ,  that  appeared  at  the 
fame  time  in  thefe  two  cities,  but  two  different 
ones,  which  may  be  caufed  by  matter  of  the  fame 
nature  expanded  in  the  atmofphere  of  thefe  two 
different  cities. 


In 
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In  England ,  and  in  fome  of  the  weftern 
cities  of  France ,  March  the  17th,  1716,  there 
was  feen  a  great  phenomenon,,  which  feemed 
to  have  fome  relation  to  that  which  we  have 
obferved. 

At  Newark  in  Nottinghamjhire ,  they  faw  about 
an  hour  after  fun-fet  toward  the  N.  W.  2  pretty 
dark  clouds,  but  little  diftant  from  each  other,  and 
elevated  from  20  to  25 Q  above  the  horizon,  from 
each  of  thefe  clouds  proceeded  with  great  quick- 
nefs  a  light  like  a  tail,  which  refembled  thofe  rays 
that  proceed  from  the  clouds  when  the  fun  is  near 
the  horizon.  Thefe  rays  extended  fo  far  as  to  co¬ 
ver  a  part  of  the  heaven  from  N.  W.  to  N.  and 
did  not  hinder  the  ftars  from  being  feen 
through  them,  though  a  little  more  faintly, 
juft  as  they  are  feen  through  very  thin  clouds. 
In  the  reft  of  the  heaven  the  ftars  were  as 
bright,  as  in  the  cleared  frofty  nights  in  the 
ablence  of  the  moon. 

At  9  at  night  thefe  ftreams  of  light  diminifhed 
until  10,  when  they  began  again,  and  continu¬ 
ed  till  nh  f.  The  light  made  by  thefe  meteors 
was  fo  great,  that  they  could  fee  to  read  capital 
letters  by  it. 

At  London }  towards  the  N.  E.  the  horizon 
feemed  to  be  loaded  with  very  black  and  thick 
vapours, in  the  middle  of  which  was  feen  a  body  of 
reddifh  light,  which  flafhed  from  time  to  time, 
and  darted  its  rays  like  dreamers  towards  feveral 
parts  of  the  heavens.  Thefe  dreamers  fpread  with 
great  rapidity,  and  formed  in  the  air  waves  of  a 
luminous  fmoak,  which  went  away  and  came  a- 
gain  generally  with  the  fame  figure  and  direction. 
The  luminous  fmoak  was  fo  tranfparent,  that  the 
ftars  were  feen  through,  and  it  was  fo  bright,  that 
Vol.V.  N*.  50.  Z  the 
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the  houfes  were  diftinguifhed  by  it,  it  perfectly 
imitated  the  brightnefs  of  the  moon*. 

According  to  an  account  fent  to  M.  de  Valin - 
cimr,  from  Breft ,  March  1  7,  the  fky  being  very 
fine  and  dear,  there  was  obferved  about  7  in  the 
evening  a  fort  of  rainbow,  of  an  uniform  white  co¬ 
lour,  and  very  bright,  it  was  fituated  toward  the 
S.  and  poffefied  a  great  compafs  of  the  heavens 
from  E.  to  W.  From  the  E.  it  began  near  the 
lion’s  tail,  it  afterwards  fpread  over  the  conflella- 
tion  of  the  twins,  which  was  in  the  middle  of  the 
heavens,  where  it  was  30  broad,  and  continuing 
over  the  Pleiades ,  it  terminated  alfo  in  a  point  at 
the  head  of  Aries . 

It  appeared  like  a  very  whire  cloud,  and  pene¬ 
trated  by  fome  light  fo  as  to  produce  a  fort  of  day¬ 
light,  without  hindering  the  ftars  from  being  feen 
through. 

This  arch  being  gradually  difiipated,  about  9 
o’  clock,  they  faw  toward  the  N.  near  the  horizon 
a  light  which  refembled  a  fine  day  break,  and  ex¬ 
tended  from  N.  W.  to  N.  N.  E.  From  this  light 
proceeded  continually  fome  very  white  and  bright 
rays,  which  caff  upon  the  earth  a  fort  of  day  like 
the  breaking  of  the  day  in  fummer.  Thefe  rays 
were  parallel  to  one  another,  and  rofe  to  48  or 
50°  in  height  •,  they  frequently  appeared  and  dif- 
appeared,  but  after  difappearing  before  they  ap¬ 
peared  again,  there  came  out  of  the  horizontal 
light  fome  dufky  vapours  in  form  of  waves  pa¬ 
rallel  to  the  horizon,  which  rofe  with  an  extreme 
quicknefs  up  to  the  zenith,  where  tlvy  difappear- 

*  The  reader  may  find  an  account  of  the  appearance  of 
thefe  lights  in  England ,  colle&ed  by  the  late  learned  Dr. 
Halley ,  from  feveral  papers  laid  before  the  royal  fociety, 
and  his  own  obfervation.  Philof  'Iran/.  NS  347.  Junes’* 
Abridgment,  Vol.  IV.  p.  -138. 
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ed.  This  alternative  laded  till  11  a  clock,  and 
during  this  whole  time  they  faw  very  clearly  thro’ 
thefe  vapours  and  the  horizontal  light  even  the 
fmalled  ftars. 

About  1 1  there  appeared  in  the  N.  a  dronger 
light  than  the  former,  which  fpread  very  white 
rays  all  about.  At  11  {  the  dars  were  obfcured, 
and  a  cloud  which  covered  the  heavens,  made  the 
light  difappear. 

They  then  ceafed  to  obferve,  thinking  the  phe¬ 
nomenon  over  *,  but  the  next  day  the  fiftiermen  re¬ 
lated,  that  at  two  in  the  morning,  the  fky  being 
cleared,  the  light  appeared  again  more  drong, 
lending  forth  very  bright  rays. 

The  lame  day  at  Dieppe ,  two  leagues  from  the 
fea,  between  7  and  8  in  the  evening,  they  faw  as 
it  were  hairy  comets  rifing  from  the  fea,  which 
laded  till  9,  when  there  appeared  a  furprifmg 
brightnefs  towards  the  Englijh  coad.  In  this 
brightnefs  they  faw  dames  arife,  which  mounted 
up  to  the  clouds  like  great  bres. 

At  Rouen y  when  it  was  al mod  dark,  they  faw 
the  northern  horizon  illuminated  by  very  white 
and  bright  clouds,  they  began  at  the  ead  of  Ly¬ 
ra ,  and  extended  25  or  30 Q  beyond  toward  the 
fummer  dtting  of  the  fun.  When  they  were  ar¬ 
rived  at  their  greated  brightnefs,  there  proceeded 
from  them  rays  of  light,  which  darted  fome  more 
o  hers  lefs  ;  and  fome  rofe  as  high  as  Caffiopea ; 
thefe  rays  appeared  for  fome  minutes,  and  then 
were  didipated  ;  this  phenomenon  happened  feve- 
ral  times,  but  always  between  the  fummer  fetting 
and  the  pole.  This  part  of  the  heavens,  from  the 
fummer  fetting  to  the  ead  of  Lyra ,  was  covered 
with  a  white  vapour,  through  which  they  di [cover¬ 
ed  the  lead  dars.  This  continued  till  8  o’  clock, 
when  this  whitenefs  covered  the  whole  heaven, 

Z  2  and 
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and  they  faw  no  more  rays  formed,  though  the 
north  {till  remained  illuminated.  They  afterward 
perceived,  that  under  the  pole  at  the  horizon, 
turning  a  little  towards  the  E.  there  was  a  bright- 
nefs  formed,  which  rapidly  became  very  big. 
From  this  brightnefs  proceeded  very  thin  tranfpa- 
rent  vapours,  which  rofe  very  rapidly,  like  great 
dreams, which  at  firft  had  but  a  little  light,  but  be¬ 
came  luminous  as  fall  as  they  rofe;  and  when  they 
were  rifen  to  almoft  half  the  height  of  the  pole, 
they  flopped,  and  rolling  upon  one  another  formed 
a  very  luminous  thicknels,  which  afterwards  dif- 
perfed  *,  this  happened  12  or  15  times  in  lefs  than 
f-  an  hour, and  ati  1  thefe  rays  ceafed,  and  the  light 
of  the  horizon  diminifhed.  This  obfervation, 
which  feems  well  circumflanced,  was  fent  to  M. 
de  Fontenelle. 

In  the  account  from  Dieppe ,  there  is  mention 
only  of  a  horizontal  light  and  rays  proceeding 
from  the  fea,  which  feems  to  be  the  Englijh  piece ~ 
nomenon.  But  at  Rouen ,  befide  the  horizontal 
light,  which  was  feen  to  the  N.W.  as  in  England , 
they  obferved  other  rays  which  rifing  about  25**, 
came  out  of  the  clouds,  which  were  at  the  horizon 
under  the  pole,  turning  towards  the  N.  E.  whence 
there  is  room  to  believe,  that  this  laft  light  feen 
toward  the  N.  N.  E.  cannot  be  the  fame  with  the 
Englijh  one  which  was  feen  to  the  N.  W. 

On  the  fame  night  alfo,  March  17,  there  was 
a  great  light  feen  on  the  coafts  of  Languedoc ,  ac¬ 
cording  to  the  information,  which  was  carefully 
given  of  it,  by  the  lieutenant  of  the  admiralty  of 
At 'gde ,  and  fent  to  the  Abbe  Bignon.  Several  mail¬ 
ers  of  barks,  who  were  Billing,  related,  that  a- 
bout  9  or  10  they  perceived  to  the  W.  of  the  pool 
of  Vendres ,  a  great  brightnefs,  in  colour  almoft 
like  that  which  we  fee  at  fun-rifing,  and  even  red¬ 
der 
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der,  which  was  divided  into  columns,  fome 
brighter  than  others,  and  feen  by  thofe  who  were 
nearer  land,  between  the  pool  of  Fendres  and  the 
little  village  to  the  W.  called  Grouijfa ;  this 
brightnefs  was  fo  great  that  they  plainly  diftingui- 
fhed  Cape  St.  Pierre ,  3  miles  diftant  from  the 
pool  toward  the  W.  but  the  fithermen,  who  were 
further  oft,  did  not  fee  this  light  either  fo  fine  or 
fo  large-,  it  was  feen  for  an  hour,  and  afterwards 
fcattered  toward  the  S.  three  of  thefe  barks  having 
been  obliged  by  a  fquall  of  wind  to  run  to  the  cape 
of  Qpjiers,  they  found  that  the  inhabitants  of  this 
cape  had  alfo  feen  this  light  upon  the  coafls  of 
Languedoc ,  and  took  it  to  be  a  fire. 

As  far  as  we  can  judge  by  this  account,  compa- 
redwith  a  particular  and  exa£t  chart  of  thefe  coafts, 
it  appears,  that  with  regard  to  thofe  who  were  in 
the  parallel  of  the  pool  of  Vendres ,  and  alfo  of  that 
of  cape  St.  Pierre,the  light  appeared  from  the  N. 
W.  to  the  S.  W.  whereas  in  the  northern  parts  of 
France ,  it  was  feen  between  the  N.  W.  and 

N.  E> 

The  Able  Bignon  has  received  another  obfer- 
fervation  of  a  particular  phenomenon,  made  by  the 
prince  of  Moldavia  at  Solnin  in  the  Ukraine ,  after 
the  following  manner. 

March  1 5, 1  7 1 6,  at  4  in  the  night,  toward  the 
N.  E.  and  at  the  height  where  the  fun  ufualiy  ar¬ 
rives  2  hours  after  it  is  rifen,  they  faw  a  fort  of 
long  and  very  thin  light,  which  afterwards  extend¬ 
ed  confiderably  in  form  of  a  column,  the  bafe  of 
which  was  crinkled,  and  the  upper  part  in  a  point 
like  a  lance,  it  was  of  the  colour  of  fire,  and  its 
breadth  was  diftinguifhed  by  feveral  white  flutings 
which  run  through  its  whole  length,  from  the  bale 
quite  to  the  top-,  in  an  hour  after  it  fpread  in 
breadth, the  red  colour  turned  by  degrees  to  white. 
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this  alteration  having  begun  at  the  point,  conti¬ 
nued  fuccefiivelyto  the  bafe,fome  minutes  after  this 
alteration  the  column  was  difTipated. 

This  phenomenon  is  the  firfl:  of  all  thofe  that  have 
appeared  this  year  in  different  parts  of  Europe.  It 
was  obferved  March  15,  two  days  before  thofe 
which  were  feen  in  Germany ,  England,  and  France, 
and  almoft  a  month  before  that  which  we  have  ob¬ 
ferved.  It  feems  to  have  fome  conformity  with 
thofe  pyramids  of  light,  which  were  obferved  in 
England ,  March  17,  in  different  parts  of  the  hea¬ 
vens,  and  feparated  from  the  horizontal  light. 

Among  the  memoirs  of  the  royal  fociety  of 
fciencesat  Berlin ,  we  find  the  obfervation  of  three 
fuch  phenomena  made  at  Copenhagen  in  February 
and  March  1707.  I  believe  thefe  obfervations 
are  M.  Roemer’s,  for  the  two  letters  O.  R.  which 
are  in  the  title  mean,  if  I  am  not  nvflaken,0/tfz 
Romer  defcriptio,  which  is  the  name  of  that  cele¬ 
brated  mathematician.  In  the  firfl  of  thefe  obfer¬ 
vations,  which  is  February  1,  they  faw  about  11 
at  night  a  fort  of  arch  which  extended  from  the 
W.  N.  W.  to  the  N.  N.  E.  and  which  afterwards 
in  the  moft  diflant  part  from  the  horizon  was  30 
in  height.  This  arch  afterwards  rofe,  and  became 
brighter  through  its  whole  extent.  About  \  an 
hour  after  midnight  there  was  formed  by  degrees 
a  new  arch  above  the  fir  It,  and  at  1  they  faw  rays 
come  out  of  it  like  beams,  which  rofe  up  as  if  they 
had  been  darted  :  thefe  rays  began  to  appear  firft 
in  the  upper  arch,  then  in  the  lower,  and  rofe  4^ 
above  the  upper  arch*,  at  two  this phoenomenon  was 
in  its  full  brightnefs,  it  was  very  much  elevated 
above  the  horizon,  and  extended  by  degrees  over 
the  whole  heaven.  A  fog,  which  rofe  afterwards 
made  this  phenomenon  difappear. 
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The  fame  aftronomer  relates  the  obfervation  of 
\  like  phenomenon,  but  not  fo  fine  nor  fo  per¬ 
fect  as  the  firft.  It  appeared  on  the  firft  of  March 
the  fame  year,  from  10  at  night  till  1  in  the  morn¬ 
ing  in  the  fame  region  of  the  heavens. 

In  the  laft  place  he  fpeaks  of  a  third,  which 
appeared  on  the  6th  of  March  the  fame  year,  be¬ 
tween  7  and  8  at  night,  which  he  fays  was  lefs  re¬ 
gular  than  the  firft.  It  had  this  particularity,  that 
moft  of  the  rays,  which  came  out  of  this  arch,  ar¬ 
rived  quite  to  the  upper  part  of  the  heavens, 
which  were  foon  after  cloudy  and  th t  phenomenon 
difappeared. 

He  cbferves  that  this  phenomenon  appeared 
brighter  and  larger  at  Pinemhourgh ,  2  leagues 
from  Copenhagen-,  whence  he  concludes  it  was 
vertical,  and  confequently  low  and  near  the  fur  face 
of  the  earth. 

There  is  alfo  in  thefe  memoirs  another  obferva¬ 
tion  of  the  fame  phenomenon ,  made  the  fame  day, 
March  6,  1  707,  at  Berlin  by  M.  Kir chius .  This 
aftronomer  obferved  it  at  8  in  the  evening,  in  form 
of  a  rainbow,  but  broader,  and  its  length  poftefs’d 
about  ioo°  at  the  horizon.  The  upper  part  of 
this  arch  was  elevated  8  orioq  above  the  horizon, 
whence  proceeded  luminous  rays,  which  were  di¬ 
rected  toward  the  zenith.  He  afterwards  faw  a 
fecond  arch  appear  above  the  firft,  at  the  height  of 
30°,but  was  neither  well  terminated  nor  well  con¬ 
tinued. 

If  the  obfervations  of  this  phenomenon  made  the 
fame  night  at  Copenhagen  and  at  Berlin  were  a  lit¬ 
tle  better  circumftauced,  one  might  have  been  able 
to  determine  the  diftance  of  this  meteor  above  the 
furface  of  the  earh  ;  but  we  are  in  doubt  whether 
the  upper  arch  feen  at  Berlin  is  that  which  was 
feen  at  Copenhagen ,  or  whether  it  is  not  rather  the 

lower 


176  The  History  and  Memoirs  of  the 

lower  one,  which  Teems  more  probable  *,  for  at 
Copenhagen  this  phenomenon  was  not  vifible  becaufe 
of  the  clouds  till  between  7  and  8,  and  at  Berlin 
the  lower  arch  was  obferved  at  8,  and  the  upper 
one  Teems  not  to  have  been  Teen  till  nine,  when  the 
phenomenon  had  been  for  above  an  hour  more  vi¬ 
fible  at  Copenhagen.  If  we  TuppoTe  it  to  be  the 
lower  arch  that  was  viTible  in  both  places,  which 
is  the  moft  probable,  and  that  the  difference  of  the 
height  of  the  pole  between  Copenhagen  and  Berlin, 
which  are  almoft  under  the  Tame  meridian,  is  3Q, 
we  calculate  the  diftance  oT  the  phenomenon  above 
the  TurTace  of  the  earth  1 5  leagues  of  Paris.  II 
we  TuppoTe  that  the  upper  arch  Teen  at  Berlin ,  is 
that  which  was  Teen  at  Pinembcrg ,  or  Copenhagen. 
the  diftance  of  the  phenomenon  from  the  furface 
of  the  earth  will  be  3  times  as  great. 

The  obferver  of  Copenhagen  fhews  by  his  dif- 
courfe,  that  he  had  obferved  other  like  phenomena 
the  years  before,  and  adds,  that  they  are  very  com¬ 
mon  every  year  in  Norway  and  Iceland.  M.  L . 
relates  that  a  Saxon  hiftoriographer  mentions  a 
great  northern  light.  Teen  for  an  hour,  on  the 
night  of  Si.  Stephen  the  martyr,  in  the  year  993. 

We  have  another  obfervation  of  a  northern  light 
made  at  the  beginning  of  the  Jaft  century,  by  M. 
Gajfendi ,  and  mentioned  in  different  parts  of  his 
works. 

September  12,  1621.  Being  near  Aix  in,  Pro¬ 
vence,  when  the  crepufculum  was  almoft  ended,  he 
Taw  above  the  horizon  to  the  northward  a  light, 
which  appeared  like  a  very  bright  day-break,  and 
being  contained  between  the  fummer  riling  and 
letting  occupied  6oQ  of  the  horizon.  The  upper 
extremity  was  formed  in  an  arch,  which  rofe  in- 
fenfibly  to  the  height  of  40°.  The  matter,  which 

formed 
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formed  this  appearance,  was  fo  thin,  that  it  did 
not  obfcure  the  (tars  over  which  it  patted.  It  was 
traverfed  from  the  horizon  to  its  upper  part  by  fe- 
verai  luminous  beams,  which  made  its  extremity 
unequal.  Thefe  beams  alternately  bright  and  dark 
were  each  of  them  20,  and  perpendicular  to  the 
horizon. 

This  phenomenon  appeared  not  only  in  Pro¬ 
vence  and  thereabouts,  but  M.  Gajjendi  learned 
that  it  had  been  feen  at  Clout  at,  Di%ne,  Grenoble , 
Dijon ,  Paris,  Rouen ,  Touloufe ,  Bourdeaux :  and 
in  the  camp  before  Montauban ,  which  was  then 
befieged. 

He  affirms  alfo,  that  befides  this  phenomenon , 
there  were  4  others  like  it,  one  in  February,  one 
in  April,  and  two  in  September ,  but  that  they 
were  not  fo  fine  as  the  firft,  and  that  all  thefe  ap¬ 
pearances  had  been  followed  by  fome  days  of  fair 
and  calm  weather. 

By  the  obfervations  juft  related,  it  appears,  that 
all  th zfe  phenomena  are  almoft  of  the  fame  nature, 
though  fome  have  been  greater,  brighter  and  bet¬ 
ter  terminated  than  others ;  that  fome  feafons  are 
better  fuited  to  thefe  appearances,  which  are  Fe¬ 
bruary,  March ,  April ,  and  September ,  though  ac¬ 
cording  to  the  teftimony  of  the  Saxon  annalift,  it 
appeared  alfo  in  December ,  near  the  winter  folftice* 
that  th zk phenomena  have  appeared  in  fair  weather, 
and  after  one  or  more  hot  days.  This  is  teftified 
by  Gajjendi  and  Kir  chins,  and  it  happened  alfo  in 
the  two  appearances  of  this  year. 


Vol,  V.  N°.  50.  A  a 
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VI.  Obfervations  on  the  mat ter  which  colours 
the  falfe  pearls ,  and  fome  other  animal  fub- 
Jlances  of  the  like  colour ;  on  occafion  of 
which  it  is  attempted  to  explain  the  for  illa¬ 
tion  of  the  fcales  of  fifties  ;  by  M.  dc  Reau¬ 
mur  3  tranjlated  by  Mr.  Chambers*. 

The  art  of  making  falfe  pearls,  fuch  as  are  now 
wore,  is  but  of  a  late  (landing,  being  unknown  a 
little  above  fixty  years  ago,  though  much  fought 
after  for  many  ages  before.  The  value  put  upon 
true  pearls  had  occafioned  infinite  attempts  to  coun¬ 
terfeit  them  ;  and  few  authors  of  lecrets,  that  is 
perfons  who  give  the  fuggeflions  of  their  own  i- 
maginations  lor  lure  and  approved  methods,  but 
have  left  receipts  for  the  compofuion  of  pearls; 
at  length  however  we  are  arrived  at  a  perfect  i- 
mitation,  fuch  as  that  the  eye,  which  feems  the  on¬ 
ly  proper  judge  of  this  kind  of  beauty,  can  hard¬ 
ly  dillinguifh  between  the  natural  pearls  and  the 
fiditious  ones,  or  if  it  do  difcover  thefe  latter,  it 
is  only  by  their  want  of  defeds  enough.  I  have 
known  allring  of  falfe  pearls  which  the  moll  ex¬ 
pert  jeweller  would  value  at  an  immenle  fum  if  he 
had  leen  it  on  the  neck  of  a  princefs  ;  and  hence 
the  true  pearls  have  fuffered  confiderably  in  their 
price. 

Though  it  be  a  reproach  on  our  nation  that  we 
are  better  at  improving  than  difcovering,  yet  both 
the  invention  and  perfedionof  this  little  art  is  our 
due,  which  at  prefent  employs  a  great  number  of 
workmen  in  Pans . 

The  chief  ingredient  in  the  compofirion  of  thefe 
pearls,  which  gives  them  that  beautiful  filver  co- 

*  November  14,  1716. 
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lour,  is  called  by  the  workmen  oriental  effence, 
being  the  produce  of  a  little  fifli  common  enough 
in  the  Seine  and  fome  other  rivers,  under  the  name 
of  Able  ox  Ablet  e,  in  Latin  Albula  •,  in  th tSein  it 
is  rarely  above  four  inches  long,  and  in  molt  re- 
fpedts  refembles  a  fmelt,  except  that  its  feales  are 
of  a  brighter  filver  hue,  thefe  feales  being  feraped 
off  as  ufual,  are  put  in  a  bafon  of  fair  water, 
where  they  are  brifkly  rubbed  or  ground  together, 
the  matter  feparating  from  them  gives  the  water  a 
filver  tincture,  upon  which  pouring  off  this  firft 
water  into  a  large  glafs,  they  caff  new  water  upon 
the  feales,  then  grind  them  a-new,  and  pour  off 
this  water  into  a  fecond  glafs  when  it  has  acquired 
its  colour,  which  operation  they  repeat  until  the 
water  will  tinge  no  more.  That  poured  into  the 
glafs  being  left  to  fettle  for  ten  or  twelve  hours,  the 
fiivered  matter  precipitates  to  the  bottom,  as  being 
the  heavieft,  and  leaves  the  water  a-top  perfectly 
clear,  this  they  decant  fo  as  to  leave  nothing  in  the 
glafs  but  athickifh  liquor  of  the  confidence  of  oyl, 
and  the  colour  like  that  of  pearls ;  and  this  is  what 
they  call  oriental  effence. 

To  make  ufe  of  this  liquor,  all  that  remains  is 
to  mix  it  up  with  a  little fifh-glue. 

It  was  at  firft  only  made  ufe  of  externally,  to 
wafh  or  vernifh  beads  made  of  wax,  alahafter,  or 
glafs,  which  were  hereby  rendered  perfectly  like 
.  pearls,  but  they  laboured  under  this  defedt,  that 
the  wafh  not  not  being  proof  againft  moifture,  the 
ladies  could  not  wear  their  necklaces  in  hot  weather 
without  being  in  danger  of  ftaining  their  fkin  ; 
but  an  eal'y  remedy  was  found  for  this  defedt  by 
blowing  hollow  thin  glafs  beads  of  a  bluifh  colour, 
and  dropping  of  the  oriental  effence  in  each  of  them 
which  is  the  method  in  ufe,  the  workman  blow¬ 
ing  the  effence  in  with  a  pipe,  and  taking  the  bead 
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between  two  fingers  fhakes  it  a  few  moments,  by 
which  means  the  liquor  is  fpread  over  the  whole 
inner  fuiface  of  the  bead,  fo  that  the  oriental  ef- 
fence  is  only  feen  through  the  glafs,  as  the  tin 
and  quickfilver  are  only  feen  through  looking 
glades.  The  glafs  being  extreamly  thin,  dimi- 
nifhes  fcarce  any  thing  of  the  luftre  of  the  efience, 
but  its  bluifh  colour  even  gives  the  falfe  pearl  a 
nearer  refemblance  to  the  true  ones.  This  done  the 
pearl  is  laid  on  abafket  among  many  more,  where 
they  are  fhook  together  for  fome  hours  until  they 
be  dry.  Laftly,  to  make  them  heavier  and  ftronger 
they  fill  them  with  wax. 

Having  fhewn  the  life  which  art  makes  of  this 
oriental  efience,  let  us  now7  examine  its  nature,  and 
how  it  is  lodged  in  the  fcales  ;  to  fpeak  hereof 
with  the  more  exadnefs  we  fflall  begin  with  fetting 
afide  its  name  efience.  Of  itfeif  it  is  no  more  a 
fluid  than  a  fine  find,  or  than  powdered  talc 
mixed  with  water  •,  but  it  is  not  eafy  to  draw  it 
From  the  fcales  without  waffling  *,  and  to  be  ufed 
it  requires  like  many  painting  earths  to  be  mixed 
up  with  water.  Upon  viewing  it  with  a  micro- 
fcope,  or  large  magnifier,  it  is  eafy  to  diftinguiffl 
it  from  the  fluid  it  floats  among,  and  to  perceive 
that  itfeif  is  not  fluid,  but  in  lieu  thereof  a  duller 
of  little  corpufcles  of  a  very  regular  figure  ;  in  e fi¬ 
fed:  they  are  fo  many  lamella:  or  little  plates,  the 
greatefl  part  whereof  are  cut  perfedly  fo  as  to  form 
redangles  about  4  times  as  long  as  broad,  though 
fome  of  them  have  their  extremities  rounded,  and 
others  terminate  in  points,  but  they  are  all  ex¬ 
tremely  thin,  to  fuch  a  degree  that  one  can  per¬ 
ceive  no  thicknefs  they  have  •,  whence  it  follows, 
that  the  matter  they  confifl  of  muft  be  very  firm 
and  folid,  fince  notwithstanding  the  vigorous  fric¬ 
tions  made  ufe  of  to  feparate  them  from  their  fcales 

they 
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they  are  neither  broke  nor  bent,  at  lead  we  find  no 
broken  nor  bent  ones  by  the  mifcrofcope,  but  all 
appear  nearly  of  the  fame  fize,  and  terminated  in 
right  lines  on  their  large  Tides. 

It  is  eafy  to  conceive  what  a  lufire  they  exhibit 
with  the  help  of  a  microfcope,  to  which  the  mod 
burnifhed  filver  has  nothing  to  compare;  and  it  is 
obvious  likewife  their  being  fo  thin  and  lhaped  fo 
regularly,  they  are  extremely  proper  to  range 
themfelves  on  glafs,  and  appear  thereon  with  the 
lufire  and  polifh  of  pearls.  They  feem  in  a  con¬ 
tinual  agitation  till  they  be  precipitated  to  the  bot¬ 
tom  of  the  water,  and  give  way  fo  fpeedily  to  the 
(lighted  motion  therof/hat  I  do  not  doubt  but  they 
would  have  been  taken  for  in  feds,  by  thofe  Who 
are  ready  to  give  that  name  to  whatever  is  continu¬ 
ally  moving  in  fluids. 

We  have  already  obferved  that  it  is  by  waffling 
the  fcales  this  matter  is  procured,  to  which  it  muft 
be  now  added,  that  there  is  none  unlefs  by  accident 
on  their  external  furface,  and  that  the  furface  con¬ 
tiguous  to  the  body  of  the  fifh  is  always  covered 
over  with  them  ;  hence  pulling  of  a  fcale,  and 
rubbing  the  finger  over  its  outer  furface,  it  takes 
not  the  lead  colour  ;  whereas  palling  it  over  the 
other  furface  it  is  vifibly  fiivered. 

Thedifcovery  made  by  a  modern  anatomift  of  an 
unduous  liquor  which  ifneers  the  outfides  of  fifheS, 
might  make  one  fufped  that  this  matter  may  ferve 
for  the  fame  purpofe,  tut  there  is  a  deal  of  diffe¬ 
rence  between  them,  befides  that  the  unduous  mat¬ 
ter  is  of  the  colour  and  confiftance  of  a  real  gelly, 
and  furni (bed  by  very  confiderable  vefiels,  as  I 
have  likewife  obferved  in  the  torpedo.  Both  thofe 
matters  are  found  in  the  fame  fifhes,  and  they  are 
eafily  diftinguifhed  from  each  other  both  by  their 
qualities  and  ulcs. 


Nor 


182  The  History  and  Memoirs  of  the 

Nor  mud  it  be  fuppofed,  as  I  at  firft  was  in¬ 
clined  to  do,  that  the  matter  of  this  oriental  effence 
is  that  exhaling  from  the  bodies  of  fifties  by  way 
of  infenfible  perfpiration,  and  that  it  (licks  and 
gathers  upon  the  fcaies  as  on  a  kind  of  roof  or  vault, 
tor  we  find  it  ranged  with  too  much  order  and  ap¬ 
paratus  to  have  come  in  this  way,  being  covered 
over  with  membranes  and  even  lodged  in  vefiels  •, 
and  hence  if  with  a  pin’s  poinrwe  endeavour  to  raife 
any  part  from  the  fhell,  all  the  reft.,  or  at  lead  a 
good  part,  ufually  comes  along  with  it,  by  realon 
of  the  common  membrane  it  is  contained  in.  This 
membrane  being  examined  by  a  microfcope,  dif- 
covers,  befides  the  blood  vefiels  fpread  over  it,  a 
great  number  of  thickifh  fibres  all  parallel  to  each 
other,  and  perpendicular  to  the  length  of  the  fcale  ; 
taking  the  length  of  the  Icale  the  fame  way,  as 
that  of  thefifh.  Thefe  which  we  here  call  fibres, 
are  really  vefiels  or  tubes  wherein  our  filvercd 
matter  is  contained,  whence  upon  fquetzing  tome 
ofthefe  tubes  about  their  middle,  I  have  frequent¬ 
ly  feen  clufters  of  thefe  lamella  at  their  ends,  rang¬ 
ed  over  each  other  like  a  pack  of  cards  half  ga¬ 
thered  together,  the  length  of  each  lamella  being 
in  the  fame  dire&ion  as  that  of  the  tube. 

As  the  fcale  is  not  equally  broad  every  where, 
thefe  vefiels  are  not  of  an  equal  length,  thole  to¬ 
wards  the  extremities  being  fhorter  than  thole  in 
the  middle  ;  we  can  fometimes  fee  both  their  ends 
one  of  which  terminates  in  one  edge  of  the  Icale, 
and  the  other  in  another  ;  thofe  however  between 
the  two  extremities  of  the  fcale  are  not  near  10  long 
as  the  fcale  is  broad,  but  it  is  the  extremities  of 
different  tubes  that  are  perceived  in  different  pla¬ 
ces;  nor  is  there  any  room  to  lufpedt,  that  we 
here  take  the  places  where  the  tubes  have  been 
broke,  for  thofe  where  they  naturally  terminate  •, 

their 
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heir  natural  figurewould  eafilydidinguifhwhat  had 
)een  made  by  fuch  rupture.  They  are  all  cylind¬ 
rical  the  greateft  part  of  their  length,  and  termi¬ 
nate  in  a  point  of  their  extremities. 

Let  us  now  fee  whether  what  has  been  fhewn  of 
:he  nature  of  this  filtered  matter  and  the  vefiels  it 
is  contained  in,  may  not  enable  us  to  determine  its 
ufe.  By  confidering  what  has  been  oblerved,  one 
can  fcarce  forbear  imagining  that  the  fcales  of  the 
fifh  owe  their  formation  and  growth  to  this  mat¬ 
ter,  the  hardnefs  and  tranfparency  of  the  lamellae 
fhew  that  their  nature  is  very  different  from  that 

of  the  flefh  of  the  animal  *,  and  near  a-kin  to  that 

* 

of  the  fcales.  In  fine  the  bare  figure  of  the  filvered 
lamellae  feems  to  fugged  they  are  fiiaped  like  fo 
many  little  bricks,  in  the  mod  proper  manner  for 
building  the  feale.  The  vefiels  they  are  contained 
in  compleat  the  proof ;  the  apertures  thereof  being 
fo  difpofed  as  to  furnifh  lamelice,  not  only  for  en¬ 
larging  the  whole  furface  of  the  fhell,  but  multi¬ 
tudes  ofthem  terminated  in  all  the  other  parts  there¬ 
of  •,  fo  that  if  we  fay  with  Lewenhoeck  that  each 
dale  confid  of  an  infinity  of  fcales,  laid  one  over 
an  another,  or  more  fimply,  of  an  infinity  o  {  feral  a 
whereof  thofe  next  the  body  of  the  fifn  are  the 
larged,  there  will  be  vefiels  every  where  tolurnidi 
matter  to  form  them. 

Thefe  /?  rata  fhew  a  beautiful  kind  ofworkman- 
fhip  upon  the  fcales.  Viewing  them  with  a  mi- 
crofcopewe  find  them  covered  with  wonderful  art, 
and  dilcover  a  prodigious  number  of  concentric  flu- 
tings  thereon,  too  fine  as  wadi  as  too  near  each  o- 
ther  to  be  cafily  told  ;  but  the  lad  keeps  pace  with 
the  circumference  of  the  dale,  and  the  reft  have 
the  like  curvity  ;  they  are  formed  by  the  edges  of 
each  ftratuw,  and  the  limits  whereof  they  denote, 
and  at  the  fame  time  denote  the  diderent:  dages  of 
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the  growth  of  the  fcale,  as  we  have  elfewhere 
fhown  i  that  the  like  Ratings  (hew  the  periods  of 
growth  in  (hells.  It  follows  hence  that  thefe  flutes 
fhould  be  upon  the  (bales,  but  the  lcales  are  fo 
thin  and  tranfparent  that  it  would  be  difficult  de¬ 
termining  on  which  fide  they  are  fluted,  were 
one  only  to  obferve  them  near  their  edges.  But 
about  the  middle  where  the  fcale  is  thickeft,  we 
fee  none  cr  fcarce  any  of  thefe  fiutings  underneath, 
though  they  be  very  apparent  above.  Laftly,  if 
obferving  the  upper  fide  of  the  fcale  in  two  feveral 
pofitions,  putting  in  the  firft  the  edge  we  view 
nearer  the  eye  than  the  middle  of  the  fcale,  and 
in  the  fecond  the  middle  nearer  the  eye  than  the 
edge  will  look  at  the  difpofition  of  the  fiutings, 
with  refpebl  to  each  other  is  taflly  found,  for  in 
the  former  pofition  they  all  appear  raifed  one  a- 
bove  another,  and  a  larger  part  of  each  is  feen, 
the  cafe  being  now  the  fame  as  when  we  view  the 
fteps  of  a  (lair-cafe  from  below  upwards  ;  where¬ 
as  in  the  other  pofitions,  the  fiutings  are  placed 
like  the  (leps  of  a  flair-cafe  viewed  from  above 
downwards. 

The  fiutings  above  mentioned  are  traverfed  by 
others,  proceeding  from  the  centre  of  the  fcale. 
What  I  call  the  centre  is  not  precifely  the  middle, 
but  a  point  incompafled  by  the  fiutings  parallel  to 
the  circumference  of  the  fcale.  Thofe  which  pro¬ 
ceed  from  the  centre  are  much  bigger  than  the  o- 
thers,  and  the  number  is  fixed  being  ten  in  the 
Able  \  fix  whereof  are  difpofed  like  the  flicks  of 
a  fan,  and  terminate  in  that  part  of  the  fcale  near- 
eft  the  tail ;  the  other  four  being  difpofed  like  the 
former  and  terminated  in  the  other  part  of  the  fcale 
nextthe head. The  ftrait fiutings  are  concave,  where¬ 
as  the  crooked  ones  are  in  relievo  or  convex,  and 
feem  intended  to  lodge  blood  veflels. 


There 
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There  are  fome  fcales,  and  even  in  the  Able* 
which  have  more  work  in  them  (till.  On  this 
filli  we  fee  two,  as  it  were,  dotted  lines  proceed¬ 
ing  each  from  that  part  of  the  gill  neareft  the  back, 
and  each  forming  a  cavity  which  looks  towards 
the  belly  of  the  fifh,  terminates  in  the  middle  of 
the  tail*,  now  the  fcales  which  thefe  two  lines  pafs 
over,  have  beyond  any  of  the  reft  a  very  extraor¬ 
dinary  kind  of  little  tube,  on  their  external  furface. 
Thefe  tubes  placed  endway  of  each  other  defcribe 
the  two  dotted  lines  abovementioned.  Each  tube 
is  a  little  raifed  above  the  fcale,  and  has  the  figure 
of  a  truncated  cone,  the  diameter  of  one  of  its  ends 
being  larger  than  that  of  the  other  *,  the  thick  end 
is  neareft  the  head,  and  commences  where  the  fcale 
ceafes  to  be  covered  by  the  preceeding  one,  its  di¬ 
rection  being  pretty  much  the  fame  as  that  of  the 
fifh.  Thefe  little  tubes  fitted  end  to  end  form  a 
continued  canal,  which  probably  ferves  for  the 
conveyance  of  fome  matter  analogous  to  the  unc¬ 
tuous  matter  abovementioned,  which  fmeers  the 
body  of  feveral  fillies. 

Nor  is  it  only  in  the  fcales  thatthe  filvered  mat¬ 
ter  is  found,  but  there  are  two  other  large  funds  of  it 
in  the  body  where  it  may  perhaps  be  prepared. 
When  th zAble  is  fcaled  we  (till  find  it  fhining  as  be¬ 
fore,  the  reafon  is  that  immediately  under  the  fkin, 
upon  which  the  fcales  are  placed,  there  is  a  mem¬ 
brane  like  that  which  covers  the  fcales  themfelves, 
and  filled  like  it  with  filvered  lamella ,  being  in 
all  likelihood  the  fource,  from  whence  they  are 
fupplied  to  the  tubes  of  the  fcales  ;  but  by  what 
canal  they  are  conveyed  thither  1  have  not  yet  dis¬ 
covered,  perhaps  it  may  be  for  the  receiving  and 
diftributing  of  thefe,  that  the  five  or  fix  apertures 
obfervable  in  the  membrane  which  covers  the  fcales 
Vol.V.  N°.  50.  B  b  are 
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are  intended.  Tliefe  apertures  are  fhaped  like 
funnels,  and  con fi ft  of  three  or  four  firings  placed 
one  againft  another. 

The  other  fund  of  filvered  matter,  is  in  the  ca¬ 
vity  of  the  fifties  belly,  and  renders  the  membrane 
which  indoles  the  ftomach  and  irueftines  all  fhine- 
ing.  Upon  examining  the  lamellae  contained  here¬ 
in,  with  a  microfcope,  I  found  them  of  the  fame 
figure  as  thofe  of  the  fcales;  only  they  feemed  to 
be  fmaller  ;  though  I  dare  not  affert  fo  much,  for 
fear  I  ftiould  have  imagined  I  faw,  what  I  fought 
to  fee. 

Yet  I  have  one  remark  which  feems  to  prove  that 
the  filvered  leaves  are  not  fo  folid  and  confiftent 
in  the  cavity  of  the  belly  as  under  the  fcales  •,  for 
endeavouring  to  gather  fome  of  the  filvered  mat¬ 
ter  by  rubbing  the  membrane  between  my  fingers 
in  water,  I  found  that  a  fridtion,  fuch  as  that  em¬ 
ployed  upon  the  membrane  of  the  fcales,  or  even 
a  more  vehement  one, would  take  up  nothing  from 
this  membrane,  though  it  be  not  fenfibly  thicker 
than  the  other.  It  would  fold  between  my  fin¬ 
gers  and  become  a  roll,  or  even  a  ball,  but  would 
yield  nothing,  without  taking  another  method  to 
tear  it  off:  does  not  this  feem  an  indication  that  the 
lamella  contained  in  this  membrane  have  not  yet 
arrived  at  fo  much  hardnefs  as  el fe where  ;  but  that 
being  foft  they  give  way,  and  fold  with  the  mem¬ 
brane  they  are  in  ?  whereas  in  other  places  having 
a  confiftance  like  that  of  fcales,  they  pierce  the 
tubes  which  inclofe  them  ;  upon  fqueezing  them  a* 
gainft  their  fides.  In  a  word  the  one  only  contains 
the  rudiments, or  as  it  were  embrio’s  of  the  lamella  9 
and  the  other  thofe  arrived  at  their  flate  of  perfec¬ 
tion. 

That  univerfality  obfervable  in  the  laws  of  na¬ 
ture,  requires  that  the. fcales  of  all  fifties  ftiould  be 

formed 
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formed  after  the  fame  manner,  and  confequently 
they  muft  all  have  a  matter  compofed  of  a  multitde 
of  little  hard  lamella ,  like  thofe  obferved  in  the 
Abies,  if  thofe  lamella  have  really  the  ufe 
we  have  attributed  to  them.  Accordingly  I  have 
fougnt  for  them  in  feveral  fpecies  of  fifties,  and 
have  had  the  fortune  to  find  them  ;  and  what  is 
more  have  always  found  them  of  the  fame  figure, 
and  always  thin  and  of  a  bright  filver  colour,  even 
in  fifhcs  of  another  colour,  as  in  carps,  which  ap¬ 
pear  the  moft  gilded. 

An  experiment,  which  the  pearl-makers  make 
oftener  than  they  defire,  may  feem  an  objection 
againft  what  we  have  faid  of  the  fcaly  nature  of 
the  ftlvered  lamella.  If  the  oriental  effence  be 
kept  feveral  days  efpecially  in  fummertime  it  pu- 
trifies  and  acquires  a  very  fetid  odour,  like  that  of 
a  rotten  fifh.  At  the  fame  time  its  colour  alters, 
and  turns  yellowifh,  until  at  length  the  whole  fi!- 
vering  di (appear,  in  ftormy  weather  thefe  changes 
will  happen  from  one  hour  to  another.  Now  the 
fcales  are  not  of  fo  corruptible  a  nature,  but  are 
proof  both  againft  the  moifture  and  heat  of  the  air. 

• - -But  it  muft  not  be  here  fuppofed  that  the 

lamella  are  altered  when  the  effence  is,  for  this  lat¬ 
ter  not  only  confifts  of  lamella  but  of  abundance  of 
flefhy  panicles  belonging  to  the  tubes  and  mem¬ 
branes  they  were  lodged  in,  it  being  impoffible 
by  lotion  to  procure  them  perfectly  free  of  all  mix¬ 
ture.  If  now  the  effence  be  ufed  while  thefe  flefhy 
matters  are  yet  frefh,  they  will  dry  on  the  bead, 
and  in  this  cafe  no  more  change  their  colour  than 
the  fifft-glue  mixed  with  them.  Thus  every  body 
knows  that  a  fifh  well  dried  will  keep  many  ages, 
but  if  the  flefhy  matters  corrupt  in  the  water  they 
loofe  their  whitenefs,  turn  glutinous,  and  flick  to 
each  other  and  to  the  lamella ,  which  otherwife 

B  b  2  muft 
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rnuftfoften  in  the  water,  without  corrupting  as  the 
fcales  of  fifties  do,  which  are  much  thicker,  and 
form  clots  without  either  luftre  or  tranfparency,  l'o 
that  nothing  elfe  but  fuch  little  clots  is  feen  at  the 
bottom  of  the  glafs  where  the  effence  was,  the  wa¬ 
ter  over  them  being  quite  clear  and  fcarce  having 
any  thing  filvered  in  it. 

I  have  tried  whether  there  might  not  be  a  means 
of  preferving  the  effence  by  boiling  it,  but  inftead 
thereof  the  whole  turned  into  opaque  clots  like  ef¬ 
fence  which  had  been  putrified  of  a  long  time, 
which  indeed  is  no  wonder  for  boiling  water  quick¬ 
ly  renders  flefhy  matters  glutinous,  and  makes  of 
them  a  kind  of  opaque  fifh-glue,  which  entangles 
the  filvered  parts. 

Spirit  of  wine  feems  a  furer  means  of  preferving 
the  effence,  as  it  prevents  fiefh  from  putrifying, 
but  pouring  fome  upon  my  effence  it  altered  its 
colour  a  little  and  turned  more  whitifh  and  a  little 
Jefs  tranfparent.  Accordingly  it  mull  have  cock¬ 
led  the  flefhy  particles,  but  there  were  no  clots 
formed,  and  the  lamella  ftill  remained  feparate  ; 
fo  that  upon  viewing  them  with  a  microicope,  I 
found  them  with  their  firft  luftre,  even  after 
many  months.  But  pouring  a  large  quantity  of 
water  in  effence  thus  preferved  by  means  of  fpirit 
of  wine,  in  a  few  days  time  I  found  clots  formed, 
the  water  having  foftened  the  flefhy  particles  and 
rendered  them  glutinous.  To  the  naked  eye  thefe 
clots  or  grumes  appear  opaque,  though  by  the  mi- 
crofcope  they  are  only  found  a  clulter  o \  lamella, 
with  their  natural  figure  and  almoft  all  their  for¬ 
mer  luftre. 

This  may  ferve  to  folve  a  difficulty  arifing  hence ; 
that  the  lcales  do  notfnine  tho’  formed  of  a  matter 
which  does,  fince  the  grumes  do  not  fhine  though 
only  clufters  of  lamella .  It  is  true  there  may  be 

fome 
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fome  flefhy  particles  with  them  ;  but  it  is  no  lefs 
probable,  that  there  is  fome  vifcid  matter  in  the 
compofition  of  the  fcales  which  fallens  the  lamella 
one  to  another.  Be  this  as  it  will,  it  is  enough 
that  the  furfaces  of  the  fcales  be  uneven  to  hinder 
the  fhining  of  the  lamella  from  being  perceived 
therein. 

As  to  the  fcales  being  more  tranfparent  than  the 
oriental  effence,  there  is  no  difficulty  in  accounting 
for  it  *,  nor  is  it  any  more  a  wonder  that  the  co¬ 
lour  of  the  fcale  fhould  differ  a  little  from  that  of 
the  effence.  A  few  parallel  fads  will  ffiew  the 
caufe  thereof.  A  white  diamond  is  the  moft  tranf¬ 
parent  of  all  bodies,  and  yet  the  powder  procured 
from  it  by  grinding  is  opaque,  and  which  is  more 
browniffi.  Butch  fugar-candy  is  yellowifh,  and 
yet  when  powdered  yields  a  very  white  powder  ; 
and  among  black  amels  ufed  by  enamelers  fome 
when  ground  yield  a  blue  powder,  and  others- 
a  bright  coffee  coloured  one. 

Nothing  can  equal  the  vivacity  of  colours  of 
fome  fifties  when  juft  caught,  which  they  likewife 
owe  to  our  filvered  matter,  and  the  fame  matter 
likewife  ferves  to  diverfify  their  colours,  being  an 
ingredient  in  their  compofition  •,  thus  what  would 
only  appear  for  inftance  of  a  reddifh  yellow,  by 
the  help  of  this  matter  becomes  gold  coloured  *,  this 
I  have  frequently  obferved  in  the  Able^  the  bot¬ 
tom  of  the  large  fcales  covering  the  gills  whereof, 
is  lined  like  the  reft  with  a  filvered  membrane, 
and  confequently  appears  quite  white,  but  when 
upon  a  veffft’s  burfting  the  blood  extravafates  un¬ 
der  this  membrane,  all  the  places  the  blood  fpread 
to  becomes  ot  a  gold  colour.  Every  body  knows 
that  our  gilt  leather  hangings  are  only  filvered  o- 
ver,  and  a  reddifh  varniffi  applied  thereon,  the 
filvcr  viewed  through  fuch  varniffi  appearing  like 
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gold  ;  and  the  fame  thing  is  here  found  though  n 
a  contrary  order,  the  blood  colour  viewed  through 
Our  filvered  matter  appearing  of  a  gold  colour. 
Thus  if  in  fome  fpecies  of  fifhes  a  thin  transparent 
layer  of  our  filvered  matter  be  fpread  upon  flsx- 
us* s  of  blood  veffels,  who fe  parietes  are  very  thin, 
thefcales  will  appear  gilded.  Ifthe  parietes  of  Such 
veffels  be  thick,  the  veffels  will  then  be  of  a  blue 
colour  like  our  veins,  and  the  fifh  appear  of  a  fhin- 
ing  blue,  an4  it  is  not  impoffible  but  a  mixture  of 
veffels  proper  to  exhibit  a  yellow  or  gold  colour, 
with  other  veffels  difpofed  to  exhibit  blue,  may 
give  fome  fifhes  a  green  colour  *,  at  leaft  it  is  cer¬ 
tain  the  vivacity  of  thefe  colours  ariles  from  cur 
filvered  matter  •,  though  the  generality  of  them 
are  but  of  a  Short  duration,  after  the  fifh  is  taken 
out  of  water  the  veffels  drying  Shrivel,  and  loofe 
their  tranfparency  *,  fo  that  the  filvered  matter  can 
no  longer  have  its  effed. 

We  have  feen  the  ule  which  both  art  and  na¬ 
ture  make  of  the  filver’d  matter  of  fifhes ;  fo  that 
all  now  remaining,  is  to  fpeak  of  fome  other  ani¬ 
mal  matters  analogous  thereto.  We  begin  with 
that  of  an  infed  harbouring  in  books  rarely  look’d 
into,  which  refembles  the  Able  by  its  filver’d  co¬ 
lour,  and  has  fomething  likewife  of  its  Shape, 
fetting  afide  the  legs.  Hook  gives  us  a  figure  of  it 
in  his  Micrographia.  Upon  the  leaft  touching  it 
with  the  fingers,  it  becomes  fhining,  as  if  it  had 
been  rubb’d  with  oriental  effence.  This  little  in- 
fed  is  cover’d  all  over  with  feales  even  to  its  very 
feet  •,  but  they  are  fo  little  faften’d,  that  the 
flighteft  fridion  pulls  them  off ;  and  ’lis  thele 
feales  that  tinge  the  fingers.  When  viewed  by  a 
magnifier  they  appear  of  a  regular  figure,  like 
that  of  the  feales  of  fillies  •,  and  ’ris  highly  proba¬ 
ble  they  derive  their  luftre  from  a  like  filver’d 

matter 
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matter ;  but  there  is  no  poflibility  of  perceiving 
the  lamella  in  thefe  fcales,  when  themfelves  are 
almoft  as  fmall  as  the  lamella  which  filver  the 
fcales  of  fillies. 

There  are  fome  fpecies  of  butterflies  likewife 
which  cannot  be  touched  by  the  fingers  without 
leaving  a  filver’d  duit  thereon  ;  and  in  the  gene¬ 
ral  all  thofe  beautiful  colours  fo  wonderfully  diver- 
fified  in  the  wings  of  moft  of  thefe  in  lefts  confifl 
in  duffs  which  are  eafily  taken  off.  Since  the  ufe 
of  microfcopes  has  been  familiar,  kis  well  known 
that  thele  duffs  have  regular  and  very  remarkable 
figures,  which  are  different  in  different  fpecies  of 
butterflies,  and  even  in  different  parts  of  the  fame 
wing.  Thofe  which  colour  the  wings  of  the  moff 
common  butterflies,  refemble  a  flower  fuffained 
by  a  fhort  pedicle,  which  flower  is  fometimes 
like  a  tulip  with  only  three  leaves,  fometimes 
with  four  leaves,  and  fometimes  with  five.  In  the 

butterflies  call’d  Pan ;  they  refemble  a  leaf  of  a 

* 

plant,  or  rather  a  fan  with  four  or  five  deep  and 
broad  indentures;  the  farina  which  border  the 
wings  are  much  longer,  forming  a  kind  of 
cones,  whofe  bafe  divides  into  two  other  conical 
branches,  the  vertex  of  the  chief  cone  is  inferted 
within  the  membrane  of  the  wing,  kis  thefe  long 
farina  which  form  the  fringes  wherewith  their 
wings  are  bordered. 

Thefe  kinds  of  farina  are  called  feathers  by 
fome  authors,  tho’  the  name  fcales  feems  to  fuit 
them  better.  Not  that  there  is  any  great  diffe¬ 
rence  in  nature  between  horns,  fcales,  and  feathers. 
But  barbs  or  beards  have  always  hitherto  entered 
the  character  of  feathers,  and  our  farina  have 
none.  Some  butterflies,  kis  true,  have  feathers ; 
and  I  have  obferved  one  fpecies  in  particular, 
whofe  wings  are  each  of  them  compoied  of  five 

feafhers. 
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feathers,  perfedtly  fimilar  in  figure  to  thofe  of 
birds.  But  thele  feathers  are  different  from  the 
farina  which  cover  the  wings,  and  confequently 
thefe  latter  fhould  be  diftinguiffied  by  a  peculiar 
name. 

Accordingly  the  ufe  of  the  farina  is  the  fame 
with  that  of  the  fcales  of  fifties,  but  has  no  rela¬ 
tion  to  that  of  feathers,  their  only  office  being  to 
cover  the  wings  ;  they  are  ranged  thereon  after 
the  fame  manner  as  fcales  on  the  body  of  a  fiffi, 
that  is  fomewhat  like  tiles  on  the  roof  of  a  houfe, 
with  this  difference,  that  each  grain  or  farina  has 
a  pedicle  inferted  into  the  membrane  which  forms 
the  wing.  They  are  difpofed  in  rows,  and  thofe 
of  one  row  cover  part  of  thofe  of  the  following 
one;  upon  taking  them  off  the  wing,  we  find  fe- 
ries’s  of  little  holes  darker  than  the  reft,  laid  out 
from  fpace  to  fpace  in  even  lines,  into  which  the 
pedicles  of  th A  farina  had  been  implanted.  This 
is  a  deal  of  work  for  the  meer  wing  of  a  butter¬ 
fly  ;  but  upon  a  little  obfervation  of  the  works  of 
nature,  one  ceafes  to  be  furprized  at  feeing  infi¬ 
nite  pains  bellowed  upon  the  llendereft  fubjedls. 

VII.  A  folution  of  fome  difficulties  relatmg 
to  the  formation  and  growth  of  f  hells  ;  by 
M.  de  Reaumur*.  Tranjlated  by  Mr. 
Chambers. 

I  have  explain’d,  in  a  preceding  memoir, 
the  formation  and  growth  of  ffiells,  and  at 
Jeaft  flatter  myfelf  I  have  proved  therein  that 
they  grow  like  ftones,  by  a  mere  appofition  of 
matter,  or,  to  fpeak  with  the  fchools,  by  juxta - 
jofition*  and  not  as  plants  and  animals  grow,  by 

intus- 

*  Dec.  19,  1716. 
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intus-fufception  ;  and  the  experiments  whereon 
my  opinion  is  founded,  are  here  laid  down  at 
large.  Since  which  M.  Mery  having  confidered 
river  mufcles,  has  taken  occafion  to  examine  their 
ffiells,  and  maintains  on  the  contrary  3  that  they 
can  only  grow  by  intus  fufception  ;  the  reafons 
whereof  he  delivers  in  a  memoir  full  of  curious 
obfervations  Upon  mufcles,  having  had  the  can¬ 
dor  withal  not  to  mention  that  his  reafons  were 
oppofite  to  what  I  had  advanced  on  the  growth 
of  fhells,  and  at  lead  fubtradted  from  my  fyftem 
of  all  the  bivalve  or  two-leav’d  fhells. 

The  proofs,  or  rather,  as  M.  de  Fontenelle  calls 
them,  the  difficulties  he  aliedged,  feem  to  deferve 
a  folution  ;  but  as  it  was  only  on  experiments  I 
had  determined  myfelf,  I  was  refolved  only  to 
anfwer  by  experiments,  in  order  to  cut  off  all 
matter  for  further  reply.  Accordingly  I  inclcied 
mufcles  in  veffels,  which  I  put  in  the  river 
Marne ,  in  a  kind  of  covered  boats  call’d  Bou¬ 
tiques,  or  filh-pools  •,  but  feveral  accidents  befal¬ 
ling  my  mufcles  for  feveral  years  together,  ren¬ 
dered  my  endeavours  ineffedlual,  and  oblig’d  me 
to  defer  the  intended  folutions.  However,  as  the 
experiments  in  queftion  feem  only  neceffary  for  a 
redundancy  of  reafons,  and  that  a  too  long  filence 
might  have  been  taken  for  a  tacit  acquiefcence,  I 
have  now  thought  proper  to  give  an  anfwer  to 
thofe  difficulties. 

I  lay  down  as  my  principle,  that  a  fnail’s  ffiell 
grows  by  meet*  juxta-pofetion  ;  that  the  animal 
inlarges  it  in  proportion  as  it  grows  itfclf,  and 
this  by  reafon  that  part  of  his  body  which  emer¬ 
ges  beyond  the  old  ffiell,  emits  a  finny  juice, 
which  hardening  forms  a  new  piece  of  ffiell  very 
thin  indeed  at  firft,  but  which  foon  becomes 
thicker  by  the  appofition  of  new  jirata  under  it, 
Vol.  V.  N°.  50.  C  c  and 
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and  thus  docs  the  growth  of  this  animal’s  fhell 
proceed.  This  I  fay  I  lay  down  as  a  principle, 
ttteeming  I  have  a  right  to  do  fo  upon  the  proofs 
laid  down  in  my  former  paper,  which  I  take  to 
be  as  demonftrative  as  a  physical  proof  can  be. 

Now  this  principle  is  laid  down,  let  us  ex¬ 
amine  the  reafons  which  have  induced  M.  Mery 
to  fuppofe  mufcles  fhells  grow  in  another  manner. 
Thcle  are  reducible  to  two,  the  Jfirft  and  ttrongeft 
is  that  the  mufcle  is  faftcned  to  the  internal  pari- 
etes  of  its  fhell  by  8  mufcles,  or  rather  that  it  is 
fattened  in  4  places  to  each  of  the  two  pieces  or 
leaves  of  the  fhell.  Now  if  the  fhell  grew  by 
juxta-pojition ,  it  would  follow ,  fays  he,  that  the 
mufcles  muft  loofen  themfelves  therefrom,  and  he 
continually  receding  from  the  place  of  their  fir  ft 
faftening ,  as  often  as  a  new  leaf  or  ftratum  is 
formed ;  a  phcenomenon,  adds  this  learned  anato- 
mitt,  which  I  have  feen  nothing  of  in  any  of  the 
mufcles  I  have  hitherto  differed  in  all  feafons. 

Now  befides  that ,  there  is  no  inflame  of  fuch  a 
Jhifting  of  place  either  in  animals  whofe  mufcles 
are  faftcned  to  hones ,  nor  even  in  thofe  which  have 
no  hones ,  as  crabs,  lobfters,  craw-fiftes ,  &c.  whofe 
body  is  only  invcfted  with  crufts  or  fcales  which 
fer  vcs  them  in  lieu  of  bones,  and  in  which  all  the 
mufcles  have  their  origin  and  infertion.  Is  it  not 
much  more  probable  that  all  the  ttrata  of  a  mufcle* s 
fhell  are  formed  at  the  fame  time,  like  the  fhells 
of  thofe  fiftoes,  than  after  one  another  ? 

’Tis  certain  the  fhells  of  mufcles  cannot  grow 
by  juxta-pojition ,  or  as  thofe  of  fnails  do,  unlefs 
the  mufcles  which  fatten  this  hfn  to  its  fhell  fhift 
their  hold,  and  ’tis  likewife  true  that  fuch  fluffing 
of  large  mufcles  or  ligaments,  is  very  difficult  to 
explain  or  even  to  imagine  ;  but  then  it  is  not 
certain  that  there  are  no  inftances  of  fuch  a  fhift- 


Royal  Academy  ^Sciences.  195 

ing.  The  difficulty  at  bottom  is  the  fame  to 
make  one  ligament  fhift  as  to  make  4.  Now 
there  is  one  which  certainly  ftiifts  in  the  fnail,  as 
will  neceftarily  follow  from  the  growth  of  its  fhell 
by  appofition.  Every  fnail  is  faftened  to  its  fhell 
by  a  mufcular  ligament,  and  when  the  large  gar¬ 
den  fnail  is  born,  its  fhell  only  makes  a  little 
above  one  circumvolution  of  a  fpiral,  whereas  it 
makes  above  4  when  arrived  at  its  lall  term  of 
growth.  Now  in  a  fnail  whofe  fhell  contains  4 
circumvolutions,  the  mufcle  is  faftened  upon  the 
navel  of  the  fhell  between  the  fecond  and  third 
circumvolution,  fo  that  in  whatever  part  you  fup- 
pofe  it  to  have  been  faftened  in  the  fhell  of  the 
new  born  fnail,  kis  certain  it  mult  have  travelled 
almoft  two  circumvolutions  of  the  fpiral.  All 
the  difficulty  therefore  is  to  make  the  ligaments  of 
the  mufcle,  travel  like  thofe  of  the  fnail,  and 
whatever  means  nature  has  employed  for  that  end 
in  fnails,  who  doubts  but  fhe  may  have  employed 
it  in  like  manner  for  mulcles.  M.  Mery  adds 
indeed  that  he  has  differed  mufcles  in  all  feafons, 
and  yet  never  faw  this  phenomenon.  But  this  adds 
no  grea'  flrength  to  his  proof.  M.  du  Verney  has 
alfo  differed  fnails  in  all  feafons,  and  I  have  had 
occafion  to  diftedt  feveral  myfelf*,  yet  I  believe 
neither  of  us  have  feen  how  this  ligament  of  the 
fnail  ffiifts,  yet  it  does  fhift  neverthelefs. 

We  have  therefore  an  inftance  of  the  fhifting 
of  mufcles,  and  in  our  own  cafe  too,  that  is  in 
that  of  the  growth  of  fhells.  M.  Mery  need  not 
have  added  that  we  fee  no  inftance  of  fuch  fhifting, 
either  in  animals  whofe  mufcles  are  faftened  to 
bones,  nor  in  crabs ,  lobftcrs ,  and  crawfijhes , 
which  have  only  crufts  or  ft  ales  in  lieu  of  bones. 
All  thefe  negative  fadts  would  prove  nothing 
agiinft  us ;  the  inftance  of  crabs  and  lobfters  was 

C  c  2  very 
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very  unhappily  cited,  it  being  precifely  that  I 
fhould  have  pitched  upon  to  prove  that  the  muf- 
cles  do  fhift  in  fome  animals.  Thefe,  as  is  well 
obferved  by  M.  Mery ,  are  covered  with  crufts  or 
feales,  which  ferve  them  in  lieu  of  bones,  and  in 
which  all  their  mufcles  have  their  origin  and  in- 
fertion.  Now  I  have  fh:wn  in  a  memoir  printed 
fince  that  of  M.  Mery ,  that  thefe  animals  diveft 
themfelves  every  year  of  their  coats  and  feales, 
and  of  all  in  general  that  is  hard  and  fcaly,  and 
might  ferve  for  bones  about  them,  fo  that  we 
have  here  no  lefs  than  a  general  fhilting  of  all  the 
mufcles,  at  leaft  once  a  year,  fince  they  are  every 
vear  faftened  to  a  different  fhell  from  that  of  the 

j 

preceeding  year. 

Let  nobody  urge  that  this  is  not  a  fhifting,  by 
reafon  the  mufcle  does  nor  change  place  on  the 
fame  fhell,  as  in  the  cafe  in  queftion  :  What 
makes  the  real  fhifting  or  difplacing  of  a  mufcle, 
is  its  being  faftened  to  another  part  than  that  it 
was  faftened  to  before. 

5Tis  true  notwithftanding  this  kind  of  fhifting, 
that  the  mufcles  of  lobfters  can  never  be  faid  to 
be  without  a  point  of  fupporr,  or  points  of  infer- 
lion,  by  reafon  a  new  fhell  is  formed  under  the 
old  one,  between  it  and  the  mufcle,  to  which 
while  it  is  forming  the  mufcle  faftens  itfelf ;  and 
\is  probable  this  new  fhell  is  not  formed  all  at 
once  under  each  mufcle,  that  the  mufcle  may  al¬ 
ways  have  fomething  to  faften  to. 

Neither  muft  we  imagine  that  there  is  a  time  when 
all  the  mufcles  of  the  mufcle-fifli  are  loofe  at  once, 
fo  as  to  leave  the  animal  at  large  in  its  fhell,  tho’ 
in  that  cafe  it  would  only  be  in  the  condition  of  a 
lobfter  which  has  juft  put  off  its  old  fhell.  It  is 
more  natural  to  fuppofe,  that  there  is  no  time 

when 
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when  each  mufcle  is  not  partly  at  lead  fattened 
to  the  (hell. 

M.  Mery  obferves,  that  each  fhell  is  lined  with 
a  thin  membrane,  into  which  the  extremities  of 
the  mufcles  or  ligaments  are  implanted.  This 
membrane  when  it  grows  mutt  extend  towards  the 
edges  of  the  fhell  which  is  the  only  fide  it  can  ex¬ 
tend  on;  fo  in  the  fpiral  fhells  we  find  that  the 
membranes  only  extend  on  the  fide  of  the  aperture. 
As  this  membrane  advances  the  ligaments  advance 
with  it,  and  as  their  growth  proceeds  inlenfibly, 
and  perhaps  may  not  always  correfpond  to  the 
fame  times  ;  there  is  no  time  when  this  membrane 
and  the  ligaments  are  entirely  afunder:  fuppofe 
for  inftance,  that  this  membrane  grows  in  a  kind 
of  wavy  direction,  I  mean  in  different  bands,  or 
fafcia,  and  that  the  fafcia ,  for  inttance,  neareft  the 
edge  of  the  fhell  grows,  and  after  this  another,  and 
fo  more  fuccefiively,  until  under  the  ligaments ; 
and  if  we  fuppofe  thefe  very  narrow,  though  in 
extending  they  fhould  come  to  loofen  from  the 
fhell,  there  would  be  no  time  when  the  ligaments 
had  not  fattened,  nor  is  it  even  impoffible,  but 
that  the  fafcia  might  grow  though  ingaged  in  the 
fhell.  M.  Mery  may  fay  that  we  have  no  inftance 
of  any  growth  in  this  kind  of  undulation,  but  be¬ 
fore  his  memoir,  h.d  we  an  inftance  of  an  animal 
without  either  veins  or  arteries ;  which  had  no 
fluid  in  its  heart,  but  the  water  taken  in  by  its 
mouth,  where  there  is  no  circulation  but  in  the 
heart  and  auricles ;  an  animal  which  propagates 
without  copulation,  and  whofe  feed  is  only  caft  up¬ 
on  the  eggs  after  they  are  laid  ?  all  o;  them  fads 
at  leaft  as  difficult  to  beleive  as  the  proceeding  con- 
jedure.  However  1  only  regard  it  as  a  conjecture, 
and  give  it  not  fo  much  to  fhew  how  this  fhifiing 
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is  effie&ed,  as  to  fhew  that  there  arc  ways  wherein 
it  may  be  effected. 

We  come  now  to  M.  Merfs  fecond  difficulty 
whofe  folution  will  be  more  efty  than  that  of  the 
former.  Mufcle  [bells,  he  obferves,  are  viftbly 
compofsd  of  fever  al  leaves f  or  Tv  rata,  laid  one  over 
another:  and  which  by  reaching  beyond  each  other 
make  di  ft  in  ft  bands  on  their  r  rnal  fur  face. 
Which  feems  to  prove  that  thUe  Jeav  i  armed 

one  after  another,  and  reprefenc  the  icveral  ftages 
of  growth, but  w!  a:  makes  the  difficu  ty  is  that  M. 
Mery  has  found  as  many  bands  on  the  little fhells, 
as  on  the  largeft,  and  that  thefe  bands  inlarge,  as 
t  he  body  of  the  mufcle  grows. 

I  will  not  fay  it  is  a  random  objeSion  to  affirm 
that  there  as  many  bands  on  the  hule  as  id  Lrge 
fhells,  and  yet  this  feems  to  be  the  cafe  ;  ti 
bers  both  of  the  one  and  the  other  being  hardly 
poftible  to  be  told.  I  fhail  however  a^ree  that 
fo  far  as  one  may  judge,  by  the  firft  caf  if  he 
eye,  there  ofeen  appear  as  many  fir  at  a  on  the  lmul- 
left  fliells  as  on  the  largeft,  and  fhail  even  add 
which  perhaps  will  be  too  much  lor  M.  Mery , 
that  when  the  fhells  are  very  old,  there  appear 
more  on  the  fmalleftthan  on  the  largeft  ;  the  rea- 
fon  is  that  fuch  thin  claws  are  not  proof  againft 
the  fri&ion  of  the  find  nor  even  of  t  'e  water,  fo 
that  it  would  be  in  vain  to  feek  for  them  in  the  old 
fhells, what  fome  of  them  had  beyond  others  hav¬ 
ing  been  carried  off.  Upon  other  fhells  there 
grows  a  greenifh  mouldinefs,  or  a  kind  ot  mols, 
which  fpreads  like  a  membrane  over  the  fnell,  and 
hides  multitudes  of  the  fm  tiler  bands.  In  fine,  it 
is  certain  that  among  the  bands  which  mark  the 
different  ftrata,  there  are  fome  of  them  larger  in 
the  larger  fhells  than  in  the  lefs,  but  this  not  be- 

caule 
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caufe  the  little  bands  luve  been  inlarged,  but  be- 
caufe  when  the  fiih  is  arrived  at  a  certain  bulk, 
its  growth  becomes  quicker,  fo  that  as  the  bands 
are  what  it  has  grown  in  a  certain  time,  the  bands 
now  formed  become  larger  than  thofe  before,  and 
accordingly  the  larged  are  ufually  found  near  the 
circumference  of  the  fhell,  unlels  in  fome  other 
places  the  fri&ion  happened  to  have  made  one  out 
of  feveral  of  the  fhells.  Garden  fnails  afford  a  good 
exemplification  of  this,  the  feveral  ftages  ofgrowth 
are  here  well  denoted  ;  when  they  are  little  there 
are  frequently  feveral  of  thefe  terms  in  a  line’s  com- 
pafs,  whereas  when  large  there  are  fometimes  fe¬ 
veral  lines  between  one  term  of  growth  agd  another; 
ladly,  in  the  larger  fhells  the  terms  are  frequent¬ 
ly  wanting,  which  appear  when  they  were  little  ; 
fuch  (lender  inequalities  having  been  dnce  broken 
off  by  attritions. 

Tho5  I  have  folved  the  two  difficulties  propo- 
fed,  yet  I  hardly  fuppofe  that  they  are  all  levelled 
which  may  be  raifed  on  this  head,  and  will  even 
confefs  that  the  figures  of  fome  fhells  are  fo  very 
fingular,  that  5tis  hardly  conceivable  how  they 
fhould  arife  from  a  mere  appofition  of  parts.  Rut 
the  folution  might  here  perhaps  be  eafy,  if  we 
knew  the  figures  of  the  animals  which  inhabit 
them,  if  the  changes  which  befal  them  at  feveral 
ages  were  known  ;  and,  in  a  word,  if  we  could 
trace  the  growth  of  their  fhells,  with  the  fame 
care  as  I  have  purfued  thole  o  fnail  fhells.  If  we 
did  not  know,  for  indance,  the  figure  of  the  fifh 
inhabiting  one  of  the  fhells,  called  nautili ,  and 
what  part  thereof  it  poifeffes,  it  would  be  impof- 
fible  to  conceive  how  it  fhould  be  formed  by  meer 
juxta-pojition.  Every  body  knows  that  it  is  of 
the  clafs  of  thofe  twided  fpiral-wife,  that  its  in- 

fide 
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fide  is  traverfed  from  (pace  to  fpace,  by  a  fort  oF 
partition  all  perforated  in  the  middle.  Now  how 
can  a  fifh  have  built  all  thefe  partitions,  and  how 
may  it  be  afked  can  it  be  lodged  among  them  ? 
But  this  difficulty  difappears  upon  confulting  the 
figure  of  this  fifh,  as  given  by  Rumphius .  Here 
we  find  that  its  body  is  not  wreathed  like  its  fhell  ; 
and  as  thofe  of  other  fifhes  with  wreathed  fhells 
are  ;  that  this  only  poffeffes  the  fpace  between  the 
laft  partition  and  the  aperture  of  the  fhell,  that  in 
all  likelihood  it  is  only  fatten'd  to  the  vertex  or 
origin  of  the  fhell,  by  a  firing  or  ligament  patting 
thro’  all  the  partitions.  Thus  much  known,  kis 
eafy  to  explain  how  the  nautilus  forms  new  parti¬ 
tions  when  it  is  grown  too  big  to  be  at  eafe  in  its 
antient  nitch  or  fhell,  fo  as  it  cannot  reft  on  the 
partition  without  being  too  much  crowded,  and  at 
the  growth  or  extenfion  of  its  ligament,  allows  it 
to  change  its  place,  it  removes  from  the  antient 
partition  and  fits  down  at  a  proper  diftance, 
where  having  nothing  to  reft  the  back  of  its  body 
againft,  there  ifliies  from  it  a  ftony  juice  like  that 
iffuing  from  the  body  of  a  fnail  when  any  part  of 
it  is  made  bare.  This  firft  juice  thickening,  be¬ 
gins  the  partition,  which  that  coming  after  fortifies. 

The  fnail  which  has  afforded  us  fo  many  in- 
ftances,  will  here  furnifh  one  more,  when  at  the 
beginning  of  winter,  they  retire  into  their  fhells, 
they  make  a  kind  of  partition  or  lid  thereon, 
which  clofes  its  aperture,  this  matter  indeed  is  not 
of  the  fame  confiftence  as  that  of  the  fhell,  but  the 
reafon  is,  that  that  part  of  its  body  turned  towards 
the  aperture,  does  not  yield  fo  ftony  juice  as  the 
reft  of  its  body.  If  the  fame  fnail  continues  a 
good  while  fhut  up  in  its  fhell,  fo  that  its  body 
fhrinks  confiderably  in  bulk,  inftead  of  one  par¬ 
tition  it  forms  three  or  four,  which  accordingly 

wc 
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we  find  at  a  pretty  diftance  from  each  other, and  as 
thefefhewthe  feveral  ftages  of  the  fnail’s  journey 
or  regrefs  backwards;  the  partition  of  the  Nautilus 
marks  the  feveral  ftages  of  the  progrefs  or  journ- 
ney  this  fiftt  has  fucceftively  made  forwards. 

VIII.  A  memoir  for  the  conflruBion  of  a 
pump ,  which  fupplies  the  water  continually 
into  the  refervoir ,  by  M.  de  la  Hire  the 
younger  brother 

The  fucking  pump,  the  forcing  pump,  and 
that  which  is  called  the  fucking  and  forcing 
pump,  which  make  the  three  forts  of  pumps 
known  at  prefent,  give  the  water  only  by  inter¬ 
vals  ;  that  which  I  here  propofe,  furnifhes  it  con¬ 
tinually,  juft  as  the  double  bellows  make  a  con¬ 
tinual  wind. 

This  pump  is  both  fucking  and  forcing ;  but 
yet  it  differs  from  the  common  fucking  and  forc¬ 
ing  pumps  in  this,  that  whether  the  pifton  rifes 
or  falls  in  the  body  of  the  pump,  it  fucks  the  wa¬ 
ter  continually,  and  forces  it  alfo  continually  at 
the  fame  time,  which  makes  it  raife  double  the 
water  of  a  common  pump,  in  which  the  diameter 
and  height  of  the  body  of  the  pump,  would  be 
equal  to  that  of  the  pump  which  1  am  going  to 
defcribe. 

Let  there  be  a  body  or  barrel  of  a  pump  f  A  A  A, 
clofe  at  the  bottom,  and  open  at  the  top  by  a 
hole  B. 

C  reprefents  the  rod  of  the  pifton. 

D  the  pifton.  It  is  like  thofe  of  the  common 
pumps,  it  is  furrounded  with  a  band  of  leather  or 
felt,  that  it  may  be  applied  exactly  to  the  infide 

*  December  5,  1716.  +  Plate  III.  Fig.  1. 
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of  the  barrel  of  the  pump*,  but  its  rod  C  pafles 
through  the  hole  or  neck  B,  which  is  furnifhed 
on  the  infide  with  a  band  of  leather  or  felt,  lo 
that  the  neck  ftraightly  embraces  the  rod  of  the 
pifton,  which  muft  be  round,  and  equally  thick  in 
a  length  equal  to  the  barrel  of  the  pump. 

Efhews  the  fucking  tube,  which  is  divided  in¬ 
to  two  branches,  one  of  which  terminates  in  the 
upper  and  lateral  part  of  the  barrel  of  the  pump, 
and  the  other  at  the  lower  part:  each  of thefe 
branches  is  furnifhed  on  the  fide  of  the  barrel  with 
a  valve  FF,  which  by  opening  into  the  barrel 
leaves  a  free  entrance  for  the  water  of  the  fucking 
tube  into  the  barrel,  and  by  fhutting  hinders  its 
return. 

G  is  the  forcing  tube,  which  carries  the  water 
of  the  barrel  to  the  refervoir ;  it  is  divided  into 
two  branches,  which  open  into  the  barrel,  and 
have  each  of  them  a  valve  HH,  like  the  fucking 
tube,  but  contrary  to  thofe  of  the  fucking  tube, 
leave  a  free  iffue  for  the  water  of  the  barrel  into 
the  forcing  tube,  and  hinders  its  return.  Thus  the 
water  cannot  enter  into  this  barrel  but  by  the  two 
branches  of  the  fucking  tube,  and  cannot  go  out 
but  by  that  of  the  forcing  tube,  for  we  muft  here 
remember,  and  in  the  fequel  of  this  difcourfe, 
that  I  have  already  faid,  that  the  hole  or  neck  B, 
which  is  at  the  top  of  the  barrel  of  the  pump, 
clofely  embraces  the  rod  of  the  pifton,  and  that 
confequently  the  air  cannot  penetrate  into  the  bar¬ 
rel  by  this  aperture. 

N  reprefents  the  level  of  the  water,  which  the 
pump  is  to  raife. 

Thus  we  fhall  perceive,  that  if  we  raife  the  pif¬ 
ton,  the  water  will  be  raifed  in  the  fucking  tube, 
and  will  enter  into  the  barrel  by  the  lower  branch 
of  the  fucking  tube,  becaufe  the  pifton  fuftains  the 

column 


Royal  Academy  of  Sciences.  203 

column  of  air  which  preffesupon  it,  whilft  another 
column  of  air  prdTrng  upon  the  level  of  the  water 
N,  makes  it  rife  quite  into  the  barrel  of  the  pump. 
As  for  the  air,  which  is  above  the  pifton,  when 
we  raife  the  pifton  the  fir (l  time,  there  is  no  ques¬ 
tion  but  it  paffes  into  the  forcing  tube,  Since  it  has 
no  other  vent.  When  we  afterwards  come  to 
make  the  pifton  defeend,  it  is  plain  that  the  wa¬ 
ter,  which  has  been  raifed  into  the  barrel  a  little 
before,  and  is  then  below  the  pifton,  will  be  forced 
into  the  afeending  tube,  becaufe  of  the  valve  at 
the  entrance  of  the  fucking  tube,  which  flops  the 
paffage  of  the  water  from  the  barrel  into  this  tube, 
but  it  muft  be  confidered,  that  at  the  fame  time 
that  the  pifton  begins  to  defeend  in  the  barrel,  it 
fucks  new  water  by  the  upper  branch  of  the  fuck¬ 
ing  tube,  for  the  reafon  that  I  have  mentioned, 
and  this  water  will  afterwards  pafs  into  the  forcing 
tube,  by  its  upper  branch,  when  we  raife  the  pil- 
ton,  which  at  the  lame  time  will  fuck  more,  by 
the  lower  branch  of  the  fucking  tube  •,  which  will 
continue  in  this  manner  alternately,  as  long  as  the 
pifton  plays  in  the  barrel  of  the  pump.  Thus  it 
is  evident,  that  by  this  means  the  pifton  of  this 
fort  of  pump  continually  fucks  the  water,  and  that 
it  alfo  continually  forces  it,  whether  it  afeends  or 
delcends  *,  that  is,  that  when  it  fucks  the  water 
by  the  top  of  the  barrel,  it  forces  it  at  the  fame 
time  by  the  bottom,  and  that  when  it  fucks  by 
the  bottom,  it  forces  it  by  the  top.  And  this  is 
Sufficient  to  prove  that  this  pump  muft  continually 
furnifh  water  to  the  refervoir,  iince  there  is  no 
time  loft  in  the  motion  of  the  pifton,  and  that 
confequently  it  will  raife  twice  as  much  water, 
as  any  of  the  other  pumps  hitherto  known. 

Tnough  the  power,  which  makes  this  pump 
move,  works  continually,  the  advantage  which 
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may  be  drawn  from  it  amply  recompenfes  the  con¬ 
tinual  labour  of  the  mover  ;  for  befides  that  this 
pump  raifes  a  great  deal  more  water  than  another, 
and  ipares  the  quantity  of  the  barrels,  and  confe- 
quently  in  the  maintaining  and  conftrudting  of 
thefe  pumps,  every  body  knows,  that  the  wind 
and  water  are  fufficient  to  make  the  pumps  move, 
and  that  fo  we  muft  make  ufe  of  all  the  advantage 
that  thefe  movers  furnifh,  fince  it  is  ufelefs  to  lpare 
them,  as  we  are  obliged  to  do  when  we  make  ufc 
of  animals. 

It  is  proper  to  mention,  that  it  is  indifferent 
whether  the  pifton  enters  at  top  into  the  barrel  of 
the  pump,  and  that  we  may  as  well  put  it  in  at 
the  bottom,  if  we  find  it  convenient,  as  is  ufually 
pradtifed  on  feveral  occafions. 

VIII.  A  defer iption  of  an  addition  to  be  made 
to  'windows  to  hinder  the  rain  from  getting 
into  {he  room ,  when  they  are  Jhnt ;  by  M. 
de  la  Hire  the  Jon*. 

It  is  a  very  great  inconvenience,  when  the  rain 
gets  into  rooms  through  the  windows,  though 
they  are  flhut,  both  be'caufe  it  fpoils  the  frames, 
and  becaufe  it  rots  the  doors  and  cielings,  and  yet 
let  us  take  what  precaution  we  will,  if  we  have 
only  fingle  frames  to  the  windows,  when  the  wind 
drives  the  rain  againfl  them,  it  is  hardly  poffible 
but  that  this  inconvenience  muft  happen. 

To  remedy  this,  I  have  contrived  to  make  at 
the  lower  traverfe  of  the  dormant  of  the  win¬ 
dow's,  the  addition  which  I  am  going  todeferibe  •, 
but  before  I  begin,  it  will  be  proper  to  fhew  what 
this  traverfe  is. 

*  December  9,  1716. 
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The  windows  of  dwelling  houfes  are  of  two  forts 
in  one  the  window  frames  run  in  a  groove,  and 
in  the  other  they  open  like  the  fhutters  *,  it  is  of  this 
Jaft  fort  that  I  fhall  fpeak,  thefe  only  being  fub- 
jedt  to  the  inconvenience  of  the  rain  ;  this  fort  of 
window  is  compofed  of  a  wooden  frame  of  the  fize 
of  the  aperture  of  the  window  with  its  feuillures. 
This  frame  is  commonly  made  of  four  pieces  of 
wood,  of  which  the  two  upright  ones  are  called 
battant  de  dormans  \  and  the  two  others  which 
join  them,  one  at  the  top,  and  the  other  at  the 
bottom  are  call tr aver fes  de  dormant,  it  is  that 
which  joins  them  at  the  bottom,  that  is  now  in 
queftion.  It  is  proper  to  obferve,  that  it  is  upon 
the  battans  de  dormant  that  the  glafs  frames 
and  fhutters  are  locked. 

The  part*  ABCHDEIL  reprefents  the  lower 
traverfe  of  the  dormant,  with  its  fpout  cut  acrofs, 
in  the  place  where  the  two  glafs  framesjoin  on  the 
outfide,  and  NOPQRS  reprefents  the  fedfion  of 
the  lower  traverfe  of  the  glafs  frame  with  its  fpour, 
and  of  the  batten  of  the  glafs  frame  according  to 
its  height  in  the  fame  place  ;  BCHD  is  the feuillure 
cut  in  the  lower  traverfe  of  the  dormant,  and 
INOPQ^is  the  fame  feuillure  cut  the  contrary 
way,  in  the  lower  traverfe  of  the  glafs  frame.  It 
is  commonly  between  the  lower  traverfes  of  the 
two  glafs  frames,  though  great  care  is  taken  to 
make  them  fhut  as  clofe  as  pofiible,  that  the  wa¬ 
ter  gets  in,  and  falls  upon  the  faceBC  of  the  feu- 
illure,  and  thence  upon  the  inner  fupport  T  of 
the  window,  and  afterwards  into  the  chamber. 

It  is  to  remedy  this  inconvenience,  that  I  have 
contrived  to  have  the  part  FG  of  the  face  BC  made 
(loping  on  the  fide  of  the  bottom  of  the  feuillure y 
and  that  in  the  whole  length  of  the  face  BC,  and 
*  Plate  III.  Fig.  2. 
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toward  the  extremity,  and  in  the  whole  length  of 
the  (loping  face  FG,  from  the  point  G  to  the  bot¬ 
tom  C  of  the  feuillure ,  I  have  made  a  channel 
CVG  four  or  five  lines  broad,  and  fix  lines  deep, 
toward  the  middle  of  the  window,  when  it  does 
not  exceed  four  feet  and  a  halfibecaufe  this  channel 
leffens  in  breadth,  as  it  draws  nearer  the  battens  of 
the  dormant,  where  it  is  no  more  than  two  lines  to 
the  fame  breadth. 

In  the  place  where  this  channel  is  the  deeped, 
which  is  over  againd  the  meeting  of  the  lower  tra- 
verfes  of  the  glafs  frame,  I  make  with  a  gimlet 
a  du<5t  VM  three  or  four  lines  in  diameter,  which 
coming  from  the  bottom  of  the  channel  GVC, 
goes  through  the  traverfe  de  dormant  and  its  fpout 
DME,  and  ends  on  the  outfide  ;  this  du£l  mud 
have  as  great  a  (lope  as  polTible,  and  both  it  and 
the  channel  CVG  mud  be  painted  with  oil,  and 
alfo  the  traverfe  de  dormans  in  its  whole  part 
FGVCHDMEI  if  the  window  is  painted  with  oil 
only  on  the  outfide. 

It  is  eafy  to  fee  by  this  condrudtion,  that  the 
water,  which  could  get  into  the  bottom  BCH  of 
the  feuillure  BCHD,  cannot  fall  upon  the  fupport 
T,  becaufe  of  the  channel  C  YG,  and  the  (loping 
face  FG,  and  that  it  will  eafily  go  out  by  the  chan¬ 
nel  VM,  which  I  have  found  to  be  confirmed  by 
experience. 

IX.  Experiments  upon  found ,  by  M.  de  7 a 

Hire  3  tr  an  fated,  by  Mr.  Chambers*. 

The  found  formed  by  the  meeting  or  collifion 
of  two  fonorous  bodies,  mud  be  didinguidied 
from  the  tone  thereof,  which  reful ts  from  a  com¬ 
panion  of  this  to  another  tone  of  the  fame  nature. 
7"he  found  of  a  body  (truck,  does  not  depend  on 
f  Augult  22,  1716, 
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the  vibrations  of  the  body  as  the  tone  has  been 
oblerved  to  do,  but  only  on  a  tremor  or  jarring 
of  the  parts  of  fuch  body.  This  M.  Perrault 
was  apprized  of,  and  has  fince  been  confirmed  by 
me  in  fomething  I  have  publifhed  on  that  head, 
which  M.  Carre  has  thought  fit  to  adopt  in  an 
exprefs  treatife  upon  mufick. 

The  experiment  I  am  now  about  to  relate  is 

very  extraordinary - 1  took  feveral  cylinders  of 

different  kinds  of  wood,  as  well  as  of  different 
lengths  and  thickneffes,  and  laying  them  on  my 
fingers  by  the  middle,  without  grafping  them,  I 
ftruck  them  with  a  hard  body,  or  even  with  a 
piece  of  wood,  from  one  end  to  the  other,  out  of 
curiofity  to  learn  their  found,  but  I  foon  percei¬ 
ved  that  the  found  was  not  the  fame  in  every  part 
of  each  piece ;  which  at  firft  I  alcribed  to  the 
conffitution  of  the  wood,  imagining  it  denfer  or 
loofer  in  fome  places  than  in  others.  But  upon 
further  confideration  I  found  that  when  the  cy¬ 
linders  are  ftruck  at  the  diftance  of  about  one  8  th 
part  of  their  length  from  either  end,  their  found 
was  very  obtufe  compared  to  what  it  was  at  any 
other  part,  and  even  at  their  end,  which  was 
much  the  fame  as  in  the  middle. 

I  afterwards  repeated  the  fame  experiments 
upon  rods  of  iron  ;  and  tho’  they  were  not  turn’d, 
but  only  forged,  I  could  eafily  perceive  the  fame 
thing,  with  this  only  difference,  that  the  place 
where  the  found  altered  was  much  nearer  the  ends 
than  in  the  cylinders  of  wood. 

Not  contented  with  this,  I  made  another  ex¬ 
periment  with  brafs  wier,  fuch  as  that  ufed  in 
harpficnords;  ftretching  a  piece  of  this  on  a  deal- 
board  upwards  of  five  foot  long,  five  inches  broad, 
and  an  inch  thick,  when  it  was  brought  to  a  mo¬ 
derate  tenfion.  I  ftruck  it  from  one  end  to  the 

other 
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other  with  the  nib  of  a  pen,  but  found  no  fenfible 
difference  in  the  found  :  however,  knowing  by 
fome  former  experiments,  that  when  alike  board 
was  placed  on  a  ltone  pavement,  and  refted  by 
the  other  end  againft  a  ftrong  door,  the  found 
yielded  by  the  firing,  was  much  greater  and 
ftronger.  I  placed  this  in  the  fame  manner,  and 
it  had  the  lame  effect. 

This  experiment  may  ferve  to  fhew  that  the 
different  founds  of  cylinders  of  wood  or  iron  do 
not  arife  from  the  different  vibrations  of  thole 
bodies,  fince  in  a  ftretched  cord  no  fuch  diverfity 
of  founds  is  obferved,  tho’  there  is  no  doubt  but 
that  its  found  arifes  from  its  vibrations. 

X.  A  continuation  of  the  experiments  upon 
found ,  by  the  fame  author  *. 

In  a  memoir  which  I  prefented  to  the  acade¬ 
my  in  1694,  touching  the  founds  of  the  firing  of 
the  trumpet  marine,  I  mention’d  feveral  experi¬ 
ments  which  I  had  made  with  common  fire- 
tongs  ♦,  thefe  tongs  confift  of  two  flat  branches  of 
iron,  which  are  joined  together  by  an  arch  of  the 
fame  fubftance,  but  broader  than  the  branches. 
The  molt  confiderable  of  thefe  experiments,  is 
that  of  the  found  yielded  by  thefe  branches  when 
(truck  with  a  piece  of  iron,  and  fufiained  by  the 
bough  with  a  little  firing,  or  on  the  tip  of  the 
Anger,  for  the  found  they  now  produce  is  very 
clear  and  ftrong,  as  much  as  the  matter  will  ad¬ 
mit  of ;  whereas  if  the  fame  bough  be  fufiained 
with  the  thank  of  a  key,  or  on  the  back  of  a 
knife,  the  found  will  be  quite  deadened,  notwith- 
Itanding  that  the  vibrations  of  the  whole  tongs 

are  the  lame  as  before  *,  a  fufflcient  proof  that  it 

*  Sept.  5.  1716. 

is 


4 


Royal  Academy  ^/'Sciences.  209 

is  not  thefe  vibrations  that  form  the  found.  It  may 
be  added,  that  a  fenfible  jarring  is  heard  in  the 
bough,  efpecially  when  fuftained  by  the  edge  of 
a  knife  in  a  certain  pofition,  by  reafon  thofe  vi¬ 
brations  are  now  interrupted.  This  may  alfo  be 
confirmed  by  fattening  a  piece  of  lead  to  the  ex¬ 
tremity  of  each  branch  of  the  tongs ;  for  in  this 
cafe  the  clear  found,  which  the  tongs  before 
yielded  when  (truck  on  the  tip  of  the  finger,  be¬ 
comes  obtufe  by  reafon  the  jarring  of  the  parts  of 
the  iron  is  deadened  by  the  foftnefs  of  the  lead. 

But  I  have  fince  made  fome  other  experiments, 
which  feem  more  confiderable  than  thefe,  and 
may  ferve  as  a  proof  of  this  fyftem.  When  the 
tongs  are  held  by  their  bough  on  the  tip  of  the 
finger,  and  the  branches  are  (truck  flatwife  with 
the  piece  of  iron,  we  hear  a  very  clear  found,  and 
the  branches  make  fenfible  vibrations  approach¬ 
ing  to  and  receding  from  each  other  with  great 
velocity  i  but  if  in  the  fame  difpofition  of  the 
tongs  the  branches  be  (truck  edgewife,  the  found 
they  yield  is  very  clear,  but  much  acuter  than 
the  other  ;  and  in  one  of  thefe  experiments  I  fan¬ 
cied  that  the  tones  of  thefe  founds  made  a  fifth,  tho* 
in  reality  the  vibrations  of  the  branches  in  the  two 
different  manners  of  ftriking  them,  cannot  be  at 
all  different  as  to  duration,  it  being  the  fame  fpring 
that  is  put  in  motion,  but  they  are  fomewhat  lefs 
extenfive  when  (truck  on  the  fiat  fide,  fince  the 
motion  impreffed  on  them  is  lefs. 

This  experiment  I  repeated  with  an  iron  ruler 
2  foot  8  inches  long,  15  lin.  broad,  and  2  lin. 
thick,  fufpending  it  by  the  middle  on  my  finger, 
I  (truck  it  on  the  flat  fide,  and  it  yielded  a  very 
clear  found  ;  but  ftriking  it  again  on  the  edge, 
tho*  in  the  fame  direction,  it  afforded  a  much 
(harper  found,  as  in  the  experiment  with  the 
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tongs ;  and  yet  one  would  have  expelled  the  found 
to  be  more  acute  when  it  was  (truck  on  the  flat 
fide  than  on  the  edge,  for  the  vibrations  mud  be 
equal  on  each  fide  the  fulcrum ,  and  (horter  of 
rteceflity  than  thofe  which  happen  upon  a  lateral 
ftroke,  as  the  fulcrum  makes  no  oppofition  in  this 
latter  cafe  *,  tho’  it  muft  be  remembred,  on  the 
other  fide,  that  the  body  of  the  ruler  makes  more 
refiftance  to  the  impulfe,  anfwerably  to  what 
would  be  done  by  a  thicker  body. 

This  led  me  to  imagine  that  fomething  new 
might  be  difeovered  by  fufpending  the  ruler  by 
one  end  with  a  fmall  flexible  packthread,  and  in 
this  pofition  (Inking  it  at  the  other  end,  firft  on 
the  flat  fide,  and  afterwards  on  the  edge,  the 
effect  was,  that  the  ftroke  on  the  flat  fide  yielded 
a  much  (harper  found  than  that  on  the  other, 
contrary  to  what  happened  in  the  former  experi¬ 
ment,  where  the  ruler  was  fufpended  by  its  mid¬ 
dle  i  the  part  of  the  ruler  was  alfo  noted  where 
the  found  became  deadened,  as  had  before  been 
done  in  the  cylinders,  both  when  the  ruler  was 
iuftained  by  its  middle  and  by  one  end. 

To  difeover  in  fome  meafure  what  befalls  thefe 
founds,  we  muft  explain  the  nature  of  that  jarring, 
and  how  it  is  produced  in  elaftic  bodies  •,  for  as  to 
the  vibrations  of  fuch  bodies,  they  are  fo  vifible 
that  there  is  no  doubt  but  that  there  are  changes  of 
the  whole  figure  of  the  body. 

The  vibrations  of  a  fpringy  body  produce  no 
fenfible  found,  how  great  foever  thofe  vibrations 
may  be,  as  may  appear  in  tongs,  by  fqueezing  the 
extreams  of  the  branches  againft  each  other,  and 
letting  them  (uddenly  loofe  again  ;  for  here  the 
vibrations  will  be  very  confpicuous  without  any 
found  being  heard.  On  the  contrary,  upon  the 
final  left  touch  of  a  fonorous  body  with  a  hard  one, 

how 
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how  great  or  heavy  foever  the  body  touched  may 
be,  a  found  will  be  heard.  Now  fuch  found  can 
only  arife  from  a  jarring  of  the  body  (truck, 
which  is  no  other  than  the  particles  of  fuch  body 
diflocated  in  that  part  ;  and  communicating  the 
fhock  fuccefiively  to  all  the  reft,  this  obliges  the 
air  inclos’d  in  its  pores  to  iftue  out;  but  the  pores 
immediately  recovering  themfelves,  and  beco¬ 
ming  even  larger  than  before,  admit  a  new  air; 
and  ’tis  the  repeated  ftrokes  of  this  air  that  makes 
an  impreflion  on  the  ear,  and  produces  the  found. 
It  cannot  however  be  denied,  but  that  the  vibra¬ 
tions  of  a  body,  from  whence  undulations  arife, 
produce  a  motion  in  the  air,  lodged  in  the  pores 
of  fuch  body ;  but  this  motion  is  fo  (low,  com¬ 
pared  to  that  which  caufes  found,  that  the  ear 
cannot  perceive  it  *,  and  yet  this  motion  mingling 
with  that  of  the  jarring,  produces  a  diverfity  in 
the  founds  of  bodies  (truck,  fo  that  it  may  be 
probably  advanced,  that  the  found  is  produced 
by  the  jarring,  but  that  the  tone  of  the  found  is 
determined  by  the  vibrations ;  fo  that  ’tis  the  dif¬ 
ferent  vibrations  or  undulations  of  fonorous  bo¬ 
dies,  that  make  the  different  tones  of  the  found  ; 
and  the  like  even  holds  in  one  and  the  fame  body, 
as  appears  from  the  experiments  above  related. 
Hence  alfo  it  is,  that  when  the  motion  of  the 
vibrations  agrees  with  that  of  the  jarring,  we  hear 
one  diftindl  found,  which  will  even  make  a  con¬ 
cord  with  another  found  of  the  fame  body  ltruck 
after  a  different  manner,  provided  the  jarring 
were  the  fame.  For  fuppofing  the  vibrations 
different,  and  that  their  relation  to  each  other  is 
near  that  of  one  to  two,  or  two  to  three,  &c,  the 
jarring  will  confpire  with  thofe  vibrations,  and 
produce  a  concord.  It  muft  alfo  be  obferved, 
that  tho’  the  vibrations  of  fuch  body  fhould  not 
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agreeexadlly  with  the  jarrings,  there  will  be  a  con¬ 
cord  neverthelefs,  fince  the  motion  compounded 
of  the  two  will  agree  thereto,  as  I  have  obferved 
in  my  account  ot  the  tones  of  the  trumpet  marine. 
Thefe  confiderations  may  lead  us  to  the  caufe  of 
the  deadning  of  a  found  produced  in  a  long  fono- 
rous  body  when  flruck  in  a  certain  place. 

By  what  we  have  fhewn  it  appears,  that  by 
how  much  the  matter  of  a  body  (truck  is  harder 
and  more  brittle,  the  clearer  and  fhriller  is  the 
found  it  yields,  by  reafon  the  jarring  here  is  more 
intenfe:  but  this  does  not  hinder  but  that  the 
found  of  firings,  whether  of  metal,  or  of  other 
firm  matter  well  (trained,  when  ftopt,  may  re¬ 
ceive  the  fame  imprefiions  as  if  they  were  much 
harder,  and  (truck  in  the  ordinary  way  ;  and  in 
what  part  foever  of  their  length  they  happen  to 
be  (truck,  the  tone  will  (till  be  the  fame,  fince 
their  jarring  is  immediately  communicated  along 
the  firing,  and  the  vibrations  all  reduce  them^ 
felves  to  thofe  of  the  middle,  where  they  perfift, 
and  always  remain  the  greateft,  not  in  the  partSi 
where  they  were  (truck. 
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AB  RID  G  M  E  NT 

OF  THE 

Philosophical  Discoveries  and  Ob¬ 
servations  in  the  History  of  the 
Royal  Academy  of  Sciences  at 
Paris ,  for  the  year  1717. 

I.  On  the  Florentine  [tones ;  tranjlated  by  Mr. 

Chambers. 

IT  is  an  obfervation  which  holds  almoft  univer- 
fally  in  nature,  that  the  fame  things  pafs  both 
in  great  and  in  little,  fenfibly  and  infenfibly 
on  different  occafions ;  and  the  beft  folutions  are 
thofe  which  transfer  the  caufes  difeovered  in  the 
groffer  phenomena ,  to  thofe  which  are  nicer  and 
more  fubtile.  M.  de  la  Faye  had  obferved  that 
the  hones  dug  out  of  a  quarry  in  Lorrain ,  where 
they  are  found  over  a  kind  of  flate,  are  fometimes 
intermixed  with  black  veins  which  make  them  lefs 
fit  for  the  razor,  by  reafon  the  matter  of  fuch  veins 
being  different  from  that  of  the  ftone,  prevents  its 
Hiding  freely  and  equably  over  it ;  and  yet  further 
conceived  that  thefe  veins  which  penetrate  the 
whole  yellowifh  fubftance  of  the  hone,  muft  come 
from  the  Hate,  which  being  yet  fluid,  as  all  Hones 
once  were,  at  the  time  when  the  hone  hardened, 
had  thrown  a  foreign  matter  into  the  fame,  which 
gradually  infinuated  through  all  the  clefts,  or  inter- 
Hices  it  found  open  ;  and  he  further  imagined  that 
the  flate  might  thus  be  determined  to  rife  into  the 
hone,  by  the  preffure  of  the  fuper-incumbant  earth 

which 
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which  fqueezing  one  of  them  againd  the  other* 
while  both  were  in  a  (late  of  fluidity,  had  obliged 
that  which  was  fluid  to  inflnuate  into  that  which 
was  lead  fo. 

This  explication  which  carries  with  it  a  great  de¬ 
gree  of  probability,  may  eafily  be  applied  to  feve- 
ral  parallel  fadts,  and  accordingly  we  fee  M.  de  la 
: Faye  apply  it  to  the  Florentine  ftones,  wherein 
plants,  trees,  caftles,  fteeples,  and  fometimes  geo¬ 
metrical  figures  are  plainly  exprefled  •,  the  whole 
of  which  is  refolvable  into  veins  and  ramifications 
of  fome  foreign  matter,  which  has  infinuated  in¬ 
to  the  fubftance  of  the  ftone,  as  flate  into  the 
hone. 

On  this  principle  the  mod  common  reprefen- 
tation  fhould  be  plants,  it  being  very  natural  that 
the  foreign  matter  which  is  fuppofed  more  fluid 
than  the  done,  fhould  divide  and  lubdivide  into  an 
infinite  number  of  different  tradts,  which  refera¬ 
ble  branches  ;  ineffedt  it  is  by  no  means  conceiv¬ 
able  that  thefe  fhould  be  the  impreflion  of  any 
real  plants,  fince  they  penetrate  the  whole  thicknels 
of  the  done,  which  a  plant  would  never  do  *,  add 
that  they  want  much  of  that  exadtnefs,  which  a 
copy  thus  taken  from  its  original  mud  have  ;  the 
pretended  branches  being  frequently  not  continued 
but  only  dotted  lines,  not  to  mention  that  cadles 
could  never  have  left  their  impreflions  here. 

II.  Of  a  magnetical Jione  brought  from  the 

if  and  of  Ceylan. 

There  is  a  little  done,  which  is  found  in  a  river 
of  the  ifle  of  Ceylan ,  about  the  fize  of  a  French 
denier ,  flat,  round,  about  a  line  in  thickncfs  ; 
brown,  fmooth  and  fhining,  without  either  fmell 
tade,  which  attradls  and  repells  little  light  bo¬ 
dies 
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dies,  asafhes,  filings  of  iron,  and  bits  of  paper  ; 
M.  Lemery  fhewed  it,  it  is  not  common,  and  that 
which  he  had  coft  fifteen  livres. 

When  an  iron  needle  has  been  touched  with  a 
loadftone,  the  loadftone  attracts  the  north  pole  of 
it  by  its  own  fouth  pole  ;  and  by  the  lame  fouth 
pole  it  repellsthe  fouth  pole  of  the  needle,  thus  it 
attradls  orrepells  different  parts  of  the  fame  body 
according  as  they  are  prefented  to  it,  and  it  always 
attradls  and  repells  the  fame. 

But  the  ftone  of  Ceylan  attracts  and  repells  the 
fame  little  bodies  prefented  to  it  in  the  fame  man¬ 
ner,  and  it  is  in  this  that  it  differs  very  much  from 
the  loadftone.  It  feems  to  have  a  vortex  which 
is  not  continual,  but  forms  itfelf,  ceafes,  and  be¬ 
gins  again  inceflantly  ;  at  the  inftant  when  it  is 
formed,  the  little  bodies  are  driven  toward  the 
ftone;  it  ceafes,  and  they  continue  where  they 
were  ;  it  begins  again,  that  is,  there  comes  out 
of  the  ftone  a  new  effluvium  of  matter  analogous 
to  the  magnetic,  and  this  effluvium  drives  the  little 
bodies  away.  It  is  true  that  according  to  this  idea 
the  two  contrary  motions  of  the  little  bodies  ought 
to  fucceed  each  other  continually,  which  is  not  the 
cafe  ;  for  that  which  has  been  driven  away,  is  not 
attracted  again.  But  that  which  they  would  have 
attradled  they  lay  pretty  near  the  ftone,  aid  when 
it  repells  this  body,  it  drives  it  to  a  greater  dift 
tance.  So  that  what  it  has  once  driven  away  it 
cannot  any  more  draw  to  itfelf,  or  which  is  the 
fame  thing,  its  vortex  has  more  force  to  drive  a- 
way  when  it  is  forming  itfelf,  then  to  attradl  when 
it  is  formed. 
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III.  Of  a  globe  of  fire  feen  at  Quefnoy. 

M.  Geoffroy  the  younger,  informed  the  academy 
that  on  the  fourth  of  January  at  Quefnoy ,  the 
weather  being  very  dole  and  the  clouds  hanging 
l'o  low  that  they  feemed  to  touch  the  houfes,  a 
whirl  or  globe  of  fire  appeared  in  the  clouds  in  the 
middle  of  the  fquare,  and  with  a  noifelike  the  re¬ 
port  of  a  cannon  burft  itfelf  againft  the  tower  of 
the  church,  and  fpread  itfelfupon  the  fquare  like  a 
fliower  of  lire,  fince  which  the  fame  thing  has 
happened  at  the  fame  place. 

IV.  Of  an  ebbing  and  flowing  well . 

In  the  court  of  the  inn  on  the  road  of  Plou- 
gaftel ,  between  Breft  and  Landernau ,  there  is  a 
v/ell  which  riles  when  the  fea,  which  is  very  near 
it,  finks  ;  and  on  the  contrary  finks  when  the  fea 
rifes.  This  is  l'o  well  known  in  the  country  as  a 
wonder,  that  M.  Robelin ,  a  fkilful  mathematician, 
thought  it  worth  his  inquiring  into,  and  has  fent 
an  account  of  it  to  the  academy  with  a  very  plain 
explication.  The  bottom  of  the  well  is  higher  than 
the  level  of  the  fea  at  low  water  in  any  tide  what- 
i'oever,  thence  it  happens  that  the  water  of  the  well 
runs  out  as  far  as  it  can,  or  that  the  well  finks 
even  when  the  fea  is  beginning  to  rife,  which  con¬ 
tinues  until  it  is  rifen  up  to  the  level  of  the  bottom 
of  the  well,  and  afterwards  as  long  as  the  fea  con¬ 
tinues  to  rife,  the  well  rifes  with  it.  When  the 
fea  retires,  there  is  yet  a  confiderable  time,  during 
which  a  remainder  of  the  fea  water,  which  has 
entered  into  the  earth,  penetrates  it  llowly,  and 
falls  fucceflively  into  the  well,  which  rifes  again 
although  the  lea  finks.  This  water  is  fo  well  fil¬ 
tered 
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tered  in  the  earth  that  it  Jofes  its  faltnefs ;  when 
this  is  exhaufted  the  well  begins  to  fink,  and  the  fea 
finifhes  it.  As  this  well,  which  has  not  been  dig¬ 
ged  to  the  fpring,  and  is  defended  only  with  a 
wall  of  uncemented  ft  ones,  and  alfo  receives  the 
waters  from  a  neighbouring  mountain,  when  there 
have  been  great  rains,  we  muft  have  a  regard  to 
the  alterations  that  thefe  waters  may  bring  to  that 
which  depends  only  upon  the  fea.  They  hinder  it 
from  drying  entirely  in  the  winter,  when  the  fea 
is  low.  It  dries  fometimes  in  fummer  for  want  of 
this  aftiftance,and  becaufe  all  the  fea  water  is  drank 
up  by  too  dry  a  foil, 

V.  Of  a  remarkable  Jinking  of  the  river 

Eraut. 

The  6th  of  June,  about  8  or  9  in  the  morning 
at  Agds,  which  is  toward  the  outlet  of  the  Eraut , 
this  river  funk  all  at  once,  and  fo  low  that  the 
bridge  of  boats  funk  alfo,  and  they  were  obliged 
to  loofen  the  chains  and  cables  which  held  it. 
This  finking  which  appeared  to  the  eye  very  con- 
fiderable,  becaufe  of  the  (loping  of  the  fhore,  and 
the  great  contraction  of  the  bed  of  the  river,  was 
not  more  than  6  feet.  The  common  height  of  the 
water  in  the  port  of  Agde  is  about 2 2.  It  remained 
a  quarter  of  an  hour  in  this  ftate,  after  which  it 
began  to  rife  very  faft,  for  another  quarter  of  an 
hour,  it  was  at  firft  a  foot  higher  than  it  had  been, 
but  in  a  moment  after  it  refumed  its  firft  level.  This 
increate  of  a  foot  in  height  was  only  the  effeCt  of 
the  rapidity  of  its  return.  The  fime  day  in  the 
afternoon  there  happened  another  finking,  but  lefs 
confiderable.  In  both,  when  the  water  returned,  it 
was  fdt,  and  confequently  came  from  the  fea. 

F  f  2  The 
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The  circumflances  that  attended  this  great  fink¬ 
ing,  and  the  return  of  the  water,  were  a  Jittle  wind 
which  varied  from  the  N.  E.  to  the  S.  E.  and  N. 
W.  a  little  calm,  and  a  fmall  quantity  of  rain,  it 
had  alfo  rained  the  night  before. 

The  water  of  the  fea  does  not  mix  with  that  of 
the  river,  neither  when  the  wind  is  at  N.W.  and 
frefn,  becaufe  it  throws  the  water  of  the  river  in¬ 
to  the  fea,  nor  when  trie  river  is  full,  becaufe  then 
It  is  above  the  level  oi  the  fea.  But  when  the  wind 
is  at  S.  E.  and  S.  W.  it  drives  the  water  of  the  fea 
towards  the  river,  and  they  call  it  full ,  becaufe 
the  water  is  then  higher  than  ordinary,  by  a  foot 
and  a  half  or  two  feet,  and  it  is  then  fait. 

The  water  of  the  fea  and  that  of  the  Eraut  at 

»  • 

Agde  are  commonly  pretty  near  the  lame  level. 
They  reckon  from  the  outlet  to  the  bridge  of 
boats,  to  be  1750  toifes. 

There  is  nofenfible  flux  or  reflux  upon  the  bor¬ 
ders  of  Agde, 

There  has  been  at  other  times  at  Agde  the  like 
finking.  One  has  been  known  to  happen  in  Fe¬ 
bruary^  but  commonly  they  are  only  in  June ,  July 
and  Auguft ,  fometimes  they  have  been  3  or  4  times 
in  one  day.  Some  failors  relate  that  they  have  at 
fuch  times  met  with  (forms,  and  that  there  are  le- 
veral  currents  to  the  fea. 

It  is  to  M.  Mairan  that  the  academy  owes  this 
account,  it  feems  reafonable  enough  to  attribute 
this  phesnomenon  to  an  earthquake ;  which  muff 
have  been  only  at  the  bottom  of  the  outlet  of  the 
river,  and  of  the  fea.  It  muft  all  at  once  have  funk 
the  earth  beneath  the  river,  and  then  have  raifed 
it,  and  reilored  it  to  its  former  date. 


VI. 
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VI.  Of  an  ox's  horn  which  feemed  to  vegetate . 

The  fame  M.  Mairan  fent  to  the  academy  ar> 
account  of  an  ox’s  horn  *  which  feemed  to  have 
vegetated  in  the  earth,  and  has  (hewn  it  to  the 
company  fince  his  being  a  member  of  it.  This 
horn  was  pulled  out  of  the  earth  with  a  plough, 
by  a  labourer  near  the  city  of  Beziers .  From  the 
bafeof  it  proceeded  a  prodigious  number  of  fibres 
which  had  the  appearance  of  frefh,  juicy  and  live¬ 
ly  roots  juft  fprouting,  and  at  firit  reprefented 
a  fort  of  vegetation.  But  on  examining  them 
more  clofely,  M.  Mairay  undeceived  himfelf,  they 
were  cylindrical,  hollow  and  fmooth  on  their  in¬ 
ner  furxace,  whence  one  might  eafily  pluck  the 
filky  fibres,  after  letting  them  foak  a  little  in  wa¬ 
ter.  Upon  the  fire  they  fmell  like  burnt  horn, 
and  the  chymical  diffolvents  have  almoft  the  fame 
effedls  upon  them  as  upon  horn,  all  this  proves  that 
thefe  falfe  roots  were  real  animal  productions. 
Some  unknown  and  fubterraneous  infeCts  that 
make  bags  like  the  caterpillars,  muft  have  gather¬ 
ed  themfelves  in  great  numbers  about  the  horn, 
have  been  nourifhed  by  it,  and  have  fixed  their 
bags  which  they  have  fpun  and  built  after  their 
manner.  It  follows  from  hence  that  they 
muft  neceffarily  have  been  hollow,  the  infeCta 
may  perhaps  have  come  out  of  it  under  fome  other 
form,  as  many  other  do  which  make  bags  only  to 
prepare  themfelves  for  their  metamorphofis,  all 
the  reft  evidently  agrees  with  this  explication.  M. 
Mairan  acknowledges  however  that  he  has  put  o- 
ther  horns  in  the  earth,  and  that  there  has  not  hap¬ 
pened  any  thing  like  it  to  them,  although  he  has 
varied  the  experiment  many  ways.  He  has  not 

*  Hate  IV.  Fig.  j, 
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feen  either  the  appearance  of  roots  or  hags  of  in- 
lefts.  Only  he  has  feen  that  thofe  which  have 
been  left  expofed  to  the  air,  have  been  eaten  by 
a  hairy  infeft,  which  is  made  very  like  a  fmall 
caterpillar,  one  or  two  lines  in  length,  but  has 
legs,  and  walks  pretty  faft.  It  is  the  fame  ani¬ 
mal  that  eats  ftiells  and  human  hair. 

VII.  Of  two  fr earns  of  light  feen  in  the 

heavens . 

The  15th  of  October ,  at  half  an  hour  after  10 
at  night,  M.  de  la  Hire  the  fon,  faw  a  white  and 
pretty  lively  ftream  of  light,  about  two  degrees 
in  breadth,  and  five  or  fix  in  height,  which  ap¬ 
peared  direftly  to  the  north  behind  fome  thick 
clouds,  raifed  about  1 5  degrees  above  the  hori¬ 
zon.  It  was  like  thofe  which  are  formed  by  the 
light  of  the  fun  hidden  behind  the  clouds,  when 
it  pafies  between  two  different  planes  of  thefe 
clouds,  and  meets  with  trains  of  vapours,  which 
are  illuminated  by  it,  and  expofed  to  our  eyes. 

This  ftream  of  light  was  a  minute  in  rifing, 
and  flood  ftill  during  four  or  five  more ;  after 
which  it  began  to  enlarge,  and  fpread  itfelf  in 
three  or  four  minutes  into  a  fpace  of  20  or  25 
degrees,  partly  towards  the  eaft,  and  partly  to¬ 
wards  the  weft,  and  made  all  this  fpace  much 
more  light,  as  well  as  fome  clouds  which  were  at 
its  extremities.  Afterwards  this  light  grew  fainter 
always  from  the  middle  towards  its  borders,  in 
fuch  a  manner  that  it  was  entirely  extirguifhed  in 
the  middle,  whilft  towards  the  borders  it  ftill 
remained  pretty  ftrong. 

This  phenomenon  being  finifhed,  there  ap¬ 
peared  another  at  three  quarters  alter  10,  in  the 

lame 


Royal  Academy  of  Sciences.  223 

fame  place,  quite  like  the  former,  both  in  figure, 
progrefs,  and  end. 

It  is  eafy  to  fee,  by  the  fituation  of  the  fun  at 
that  time,  that  it  had  no  fhare  in  thefe  effedls,  nor 
can  we  impute  it  to  the  moon,  altho*  it  was  1 1 
days  old,  and  pretty  high  in  the  horizon.  The 
extent  of  thefe  lights,  their  fucceffive  increafe  and 
their  manner  of  decreafing,  can  only  agree  with 
exhalations  that  had  inflamed  themfelves  in  the 
air ;  and  that  fo  juftly,  that  it  is  eafy  to  fee  we 
cannot  fearch  for  another  caufe.  Thefe  lights  are 
in  little  what  the  horizontal  are  in  great. 
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TH  E  water,  which  fell  in  rain  or  melted 
fnow,  was  in  height  during  the  month  of 
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This  year  was  very  dry  in  proportion  to  the 
middle  years,  in  which  we  have  eftabliflied  that 
there  fell  19  inches  of  water  ;  and  as  there  fell 
but  little  water  in  the  fpring  and  in  the  fummer, 
the  hay  and  fummer  corn  produced  but  little,  and 
the  greateft  part  of  the  fruit  did  not  fucceed,  but 
withered  upon  the  trees  without  ripening,  in  the 
provinces  where  it  is  ufually  the  molt  plentiful. 
Neverthelefs  the  wheat  harveft  was  very  good, 
*  Jan.  9,  1717. 
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For  the  drought  which  had  done  harm  o;;  one  fide, 
was  very  ufefui  towards  the  cleannefs  of  the  gi  uin, 
which  was  not  choaked  by  the  weeds  which 
ufually  grow  in  wet  years,  a  d  caufe  the  corn  to 
fhed  ;  befides,  the  draw  was  very  fhort,  and  the 
ear  was  well  fupponed.  The  hammer  months 
which  commonly  fupply  a  great  deal  of  water  by 
ftorms,  have  afforded  but  very  little  ;  and  this  is 
what  makes  this  year  feem  very  dry  in  propor¬ 
tion  to  the  middle  ones. 

It  fnowed  very  much  during  all  the  month  of 
January,  and  the  greateft  fnow  was  the  31ft  of 
this  month,  which  being  meafured  fupplied  1 6 
lines  of  water  ;  the  wind  was  then  S.  W.  Alfo 
this  month  has  furnifhed  more  water  than  any  of 
the  other. 

The  lnow  in  December  was  not  great. 

There  were  no  ftorms  this  year,  only  a  pretty 
large  clap  of  thunder  the  19th  of  September,  with 
a  moderate  rain,  by  a  ftrong  S.  W.  wind. 

The  great  quantity  of  very  thick  fogs  which 
were  this  year,  have  been  of  great  fervice  to  the 
plants  and  trees. 

The  winds  were  commonly  pretty  variable  ; 
but  on  the  3  ift  of  October,  there  was  a  very  vio¬ 
lent  fouth  wind,  and  a  rain  of  almoft  6  lines. 
The  laft  day  of  November  the  wind  was  pretty 
ftrong  at  S.  W.  but  without  rain. 

On  the  thermometer . 

My  thermometer,  which  I  have  always  ufed, 
fell  at  the  loweft  to  4  parts  ~  the  2 2d  of 7 am\ary , 
which  is  a  fign  of  very  great  cold,  but  it  Lifted 
only  the  night  before,  for  the  following  days  it 
rofe  again  confiderably.  One  may  judge  of  this 
cold  by  comparing  it  with  that  of  January  1709, 
which  was  reckoned  one  of  the  greateft  that  had 

Vol.V.  N°.  51.  Gg  been 


226  The  History  ^/^Memoirs  of  the 

been  known  in  this  country,  for  the  fame  ther¬ 
mometer  fell  only  to  5  parts  the  13th  and  14th  of 
January ,  and  the  2 ill  to  5^;  alfo  the  cold  of 
the  year  1 709  lafted  longer  than  that  of  this  year. 
The  wind  on  the  2  2do  {January  this  year  1716, 
was  north,  but  that  on  the  13th  and  14th  of  Ja¬ 
nuary  1709,  was  at  firft  very  gentle  ;  then  mid¬ 
dling  at  N.  N.  W.  and  at  laft  turned  to  the  W. 
and  became  very  ftrong,  with  fnow.  In  the  be¬ 
ginning  of  the  month  of  February  this  year,  when 
it  is  often  very  cold,  it  hardly  froze. 

This  fame  thermometer  rofe  very  high  at  the 
end  of  the  month  of  July,  and  all  the  month  of 
Auguji  ;  and  it  was  at  the  higheft  on  the  2  2d  of 
July ,  at  62  parts  i  with  a  middling  weft  wind, 
and  at  63  parts  the  23d  of  Auguji ,  with  a  mid¬ 
dling  fouth  weft  wind. 

All  thefe  obfervations  were  always  made  to¬ 
wards  the  fun-rifing,  which  is  the  coldeft  time  of 
the  day  ;  and  about  two  or  three  hours  after  noon 
it  generally  rofe  again  to  1 2  parts,  at  Jeaft  in  the 
fummer,  tor  in  the  winter  it  rites  very  little. 

On  the  barometer. 

My  common  barometer,  which  is  always 
placed  at  the  top  of  the  great  hall  of  the  obfer- 
vatory,  fell  at  the  loweft  to  26  inches  9  lines  j  the 
lft  day  of  January,  with  a  middling  fouth  wind, 
and  it  rofe  at  the  higheft  to  28  inches  3  lines  the 
16th  of  February ,  with  a  north-eaft  wind  \  there¬ 
fore  the  difference  between  thefe  heights  was,  as  it 
generally  is,  very  nigh  17  lines  j.  I  obferve 
here,  as  I  have  already  in  many  years,  that  the 
barometer  is  commonly  low  when  the  wind  comes 
about  the  fouth,  and  is  high  when  the  wind  gets 
towards  the  north  *,  and  that  it  often  rains  when  it 
is  low,  and  is  fair  when  it  is  high.  But  there  are 
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great  changes  in  the  winds,  which  may  confide- 
rably  alter  this  obfervation,  for  the  winds  which 
we  obferve,  are  only  winds  that  reign  upon  the 
furface  of  the  earth  :  befides,  we  often  fee  when 
there  are  clouds  very  high  above  thofe  which  are 
near  the  earth,  that  a  low  wind  comes  from  a 
quite  oppolite  fide  to  that  which  reigns  above,  and 
that  might  be  without  being  perceived,  if  there 
were  no  clouds  in  the  upper  part  of  the  air  to 
make  us  obferve  it.  It  might  alfo  be,  that  thefe 
two  oppofite  winds  might  deftroy  each  other,  and 
caufe  a  calm.  But  to  make  thefe  obfervations  a 
little  juft,  we  ought  to  be  aware  whether  the  fame 
wind  has  reigned  for  fome  time  ;  for  a  fudden 
wind,  which  forms  itfelf  upon  the  furface  of  the 
earth,  makes  no  alteration  in  the  height  of  the 
atmolphere,  which  is  fhewn  us  by  the  barometer; 
and  it  is  this  height  of  the  atmofphere  which 
fhews  us  moft  juftiy  rain  or  fair  weather  :  for  we 
know  that  in  the  northern  parts  of  the  earth,  the 
atmofphere  is  a  great  deal  more  raifed  than  in  the 
fouthern,  and  that  there  riles  much  fewer  vapours 
in  thofe  countries  than  in  thefe  :  wherefore  the 
winds  which  come  from  the  northern  countries  are 
always  drier  than  thofe  which  come  from  the 
fouthern  ;  and  that  thefe  northern  winds  increafe 
the  height  of  the  atmofphere  ;  and  on  the  con¬ 
trary  the  others  diminifh  it.  Thus  the  finking  of 
the  mercury  in  the  barometer  muft  fhew  rain,  and 
its  rifing  fair  weather. 

We  may  {till  add  to  this,  that  when  the  at¬ 
mofphere  is  Ids  heavy,  and  confequently  Id's  con- 
denfed,  which  is  equivalent  to  a  more  rare  me- 
alum ,  it  cannot  fuftain  the  particles  of  vapours 
that  fpread  upon  it,  which  are  obliged  to  fall,  and 
lo  form  rain.  On  the  contrary,  when  the  at¬ 
molphere  is  more  condenfed,  it  approaches  nearer 
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to  a  more  denfe  medium  ;  which  fuftaining  thefe 
vapours,  does  not  occafion  any  rain  ;  alfo  the 
{links  which  exhale  from  the  common  fewers,  are 
fmelt  very  ftrong  when  the  barometer  is  low,  but 
they  eafily  rife  in  a  thick  atmofphere,  which 
drives  them  up,  as  we  obferve  in  fmoak. 

On  the  declination  of  the  needle . 

We  have  obfervcd  the  declination  of  the  needle 
with  many  need'es  of  different  lengths  and  con- 
ftrudlions.  The  firft  is  quite  a  plain  needle  of  a 
thread  of  fteel  eight  inches  long,  placed  in  a 
wooden  box  ;  it  gave  us  the  declination  of  I2y 
20'  of  N.  towards  the  W. 

The  fecond  needle  was  alfo  a  thread  of  fteel  13 
inches  |  long,  placed  in  a  box  of  Liais  {tone, 
which  we  have  defcribed  in  the  memoirs  of  the 
‘  preceding  year,  and  this  gave  us  the  declination 
of  1 1 0  45'. 

The  third  was  a  needle  like  the  preceding,  of 
13  inches  I,  and  placed  in  the  fame  box;  and 
this  gave  us  the  declination  of  i2Q  20',  like  that 
of  eight  inches  long. 

But  having  charged  this  needle  with  two  little 
pieces  of  fteel,  Jong  and  pointed  at  both  ends, 
with  the  points  anlwering  to  thofe  of  the  needle, 
to  fee  whether  this  fort  of  needle,  which  is  in  a 
manner  only  two  little  pieces  of  loadflone  joined 
by  a  thread,  when  the  whole  needle  has  been 
touched,  would  not  change  the  direction  of  the 
needle  from  what  it  was  before  it  was  charged. 
It  then  gave  us  the  declination  of  J30  25'. 

We  know  then  hereby,  that  this  needle  being 
thus  formed  or  charged,  has  augmented  the  de¬ 
clination  more  than  a  degree,  which  may  make 
us  fuipedl  that  thele  lore  of  needles  which  are 
made  like  arrows,  and  have  at  their  extremities 
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two  pieces  much  thicker  than  the  thread  which 
joins  them,  may  caufe  different  declinations,  by 
the  nature  of  the  fteel  of  thefe  pieces  which  may 
have  been  varioufly  touched.  Alfo  this  fort  of 
needle  in  appearance  feems  more  moveable  than 
the  plain  ones,  by  the  vibrations  that  are  made 
by  thefe  two  pieces  which  are  added. 

The  9th  of  May ,  at  five  in  the  morning,  I 
obferved  a  parhelion  toward  the  fouth,  with  re¬ 
gard  to  the  fun  ;  it  was  between  light  clouds,  and 
of  the  fame  height  as  the  fun,  and  the  centre  of 
the  parhelion  was  2iQ  \  diftant  from  the  centre 
of  the  fun  ;  its  red  colour  was  turned  towards  the 
fun,  and  the  blue  the  contrary  way.  We  have 
elfewhere  obferved,  that  the  diflanee  between  the 
centre  of  the  fun  and  that  of  xhz  parhelion,  differs 
according  to  the  denfuy  of  the  air,  or  to  heat  and 
cold  :  the  time  of  its  appearance  is  commonly  in 
May . 

II.  Obfervations  on  a  horizontal  light  y  by 

M.  Maraldi*. 

At  the  end  of  the  year  1716,  and  beginning 
of  17175  there  appeared  in  the  heavens  for 
many  nights  a  great  horizontal  light,  whitifh  and 
refembling  the  twilight.  We  obferved  it  the 
15th  and  1 6th  of  December  laft,  and  the  6th, 
9th,  10th  and  nth  of  January,  having  been  vi- 
lible  fix  times,  twice  in  December,  and  four  times 
in  January. 

The  j  5th  of  December ,  after  having  obferved 
the  entrance  of  the  fourth  fatell ice  of  Jupiter,  and 
the  (bade  of  the  fame  fatellite,  which  juft  touched 
the  fouthern  edge  of  the  planet,  at  half  an  hour 
after  10  at  night;  that  is,  five  hours  after  the 

*  March  10,  1717. 
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end  of  twilight,  we  law  the  heavens  light  towards 
the  N.  and  N.  E.  as  if  the  moon  had  been  juft 
going  to  rife  at  that  place.  It  had  however  been 
fet  above  four  hours  in  the  oppofite  part  of  the 
horizon,  fo  that  it  could  not  be  the  caufe  of  this 
appearance. 

The  light  was  extended  over  the  ftars  of  the 
conftellation  of  the  Lion^  which  was  its  fartheft 
eaftern  bound  ;  it  palled  below  the  ftars  of  the 
Great  Bear ,  and  ended  near  the  head  of  the  Dr  a - 
gon^  which  was  toward  the  N.  W.  filling  in  this 
fpace  of  the  heavens  from  N.  E.  to  N.  W.  near 
90  degrees  of  a  great  circle.  It  was  terminated 
on  one  fide  by  the  horizon,  whence  it  feemed  to 
come  out  like  the  twilight,  and  raifed  itfelf  to  the 
height  of  10  or  12  degrees,  for  it  touched,  with 
its  upper  edge,  the  bright  ftar  in  the  tip  of  the 
Great  Bear’s  tail,  and  palled  near  the  ftars  in  the 
head  of  the  Dragon.  We  had  time  to  obferve  it 
only  for  a  quarter  of  an  hour,  the  heavens  being 
covered  at  ~  after  10. 

The  1 6  th  of  December ,  at  half  an  hour  after 
nine,  the  heavens  being  clear  again,  the  light  was 
vifible,  and  palled,  as  the  night  before,  below 
the  ftars  of  the  Dragon ,  and  through  thofe  of  the 
Great  Bear ,  being  terminated  on  the  eaft  by  fome 
clouds  which  covered  the  ftars  of  the  Lion  ;  but 
thele  clouds  being  afterwards  difperfed,  the  light 
appeared  upon  thele  ftars  alfo  ;  fo  that  they  ap¬ 
peared  in  the  fame  fituation  as  they  did  the  pre¬ 
ceding  night,  and  had  the  fame  extent.  After¬ 
wards,  the  heavens  being  partly  covered,  we  could 
not  continue  to  obferve  the  bounds  of  the  light, 
but  we  law,  till  half  an  hour  after  midnierht, 
through  the  openings  of  the  clouds,  the  part  of 
the  heavens  from  the  N.  E.  to  the  N.  \V.  illumi¬ 
nated  in  thele  openings  with  the  fame  force  that  it 
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was  before,  when  the  heavens  were  quite  clear. 
We  obferved  alfo  that  thefe  clouds,  in  changing 
place,  hid  the  lights  from  us  in  the  places  of  the 
heavens  through  which  they  palled,  and  that  the 
light  appeared  again  in  the  fame  places,  which 
the  clouds  afterwards  quitted.  This  Ihews  that 
the  matter,  which  was  the  caufe  of  the  light,  was 
farther  diflant  from  the  earth  than  the  clouds 
were,  fince  they  hid  the  light  from  us  when  they 
palled  over  that  part  of  the  heavens  where  it  was 
vifible,  and  permitted  us  to  fee  it  when  they  quit¬ 
ted  the  fame  places. 

After  the  1 6th  of  December ,  the  heavens  ha¬ 
ving  been  covered  for  fome  days  together,  and 
the  light  of  the  moon  fucceeding,  we  were  not 
able  to  fee  thefe  lights  till  January  iyjy. 

The  6th  of  the  fame  month  the  heavens  were 
covered  all  the  day,  and  were  not  cleared  till  to¬ 
wards  J  after  10  at  night.  We  then  faw  the  light 
was  very  bright  like  the  twilight,  and  it  encom- 
pafled  the  horizon.  The  liars  of  the  Dragon's- 
Head ,  which  were  in  the  lower  part  of  the  meri¬ 
dian  on  the  north  fide,  feemed  a  little  plunged  in 
the  light,  and  continuing  toward  the  eaft,  it  paf- 
fed  near  the  weflern  Ihoulder  of  Bootes ,  below 
Berenice's  hair,  and  the  bright  liar  in  the  tail  of 
the  Lion ,  through  the  liars  of  they hip,  and  thofe 
of  the  great  Dog ,  which  were  near  the  meridian 
on  the  fouth  fide.  From  thence  it  was  feen  in 
the  liars  of  Eridanus ,  on  the  belly  of  the  Whaley 
which  was  in  the  well*,  and  then  palling  towards 
the  N.  W.  through  the  two  bright  liars  on  the 
breaft  of  Pegafus ,  and  the  extremity  of  his  wing, 
and  through  the  bright  one  in  the  tail  of  the 
Swan ,  it  finilhed  the  whole  circumference  with 
the  liars  of  the  Dragon. 
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This  light  was  bounded  by  the  horizon,  as  in 
the  preceding  obfervations ;  but  it  was  not  equal¬ 
ly  large  every  where.  There  were  two  places 
almoft  oppofite  to  each  other,  where  it  rofe  to 
the  height  of  about  20  degrees ;  for  on  the  N.W. 
fide  it  touched  with  its  upper  edge  the  mod 
fouthern  ftar  in  Cepheus  ;  and  on  the  S.  E.  fide, 
near  the  liars  of  the  Jhip ,  it  rofe  as  much,  and 
was  brighter  than  the  milky-way  which  was  near 
it.  In  the  red  of  the  horizon,  the  light  rofe  only 
about  12  degrees,  and  it  was  equally  bright  every 
where,  except  toward  its  upper  edge,  where  ic 
toft  itfelf  infenfibly.  It  had  alfo  a  little  fpace  on 
the  S.  W.  fide,  where  it  was  lefs  bright  than  the 
red  of  its  extent.  Some  clouds  which  touched 
the  horizon  interrupted  it  a  little  in  the  lower 
edge,  but  it  rofe  every  where  much  above  thefe 
clouds ;  fo  that  in  its  upper  part  it  was  continued 
and  encompaffed  the  horizon. 

We  continued  to  fee  it  in  this  manner  till  half 
an  hour  after  midnight,  when  the  clouds  hid  it 
from  us  entirely,  together  with  the  heavens. 

The  9th  of  January ,  after  the  going  of  the 
fecond  fatellite  out  of  the  fhade  of  Jupiter ,  which 
was  a  little  before  eight  at  night,  the  heavens 
being  partly  clear,  we  faw  the  light  pretty  bright 
in  many  places  of  the  horizon,  where  there  were 
no  clouds. 

At  midnight,  the  clouds  being  diftipated,  the 
light  was  very  bright.  Towards  the  W.  we  faw 
it  extended  over  the  head  of  the  HTale  ;  it  puffed 
through  the  ftars  of  Andromeda ,  which  were  to 
the  N.  W.  and  through  the  loweft  ftars  in  Cepheus ; 
the  bright  ftar  of  the  Harp  appeared  in  the  mid¬ 
dle  of  this  light ;  the  ftars  of  the  Hr  agon's- Head 
were  a  little  plunged  in  it.  On  the  fide  of  the 
N.  and  E.  the  Crown ,  Arciurus ,  the  two  moft 

feuthern 
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fouthem  ones  in  the  girdle  of  the  Virgin ,  were 
within  it,  and  it  was  terminated  by  the  ftars  of 
the  (hip  :  thus  it  went  almoft  round  the  horizon. 
We  obferved,  from  half  an  hour  after  midnight 
till  one,  the  entrance  of  the  firft  fatellite  of  Jupi - 
ter ,  and  the  immerfion  of  the  4th  into  the  fha- 
dow. 

At  one  in  the  morning,  the  heavens  being 
perfe&ly  clear,  the  light  continued  to  appear 
very  bright  almoft  over  the  whole  horizon,  Arc- 
turns  and  the  ftars  in  the  girdle  of  the  Virgin , 
which  at  midnight  were  plunged  in  the  light, 
were  feen  at  its  upper  edge,  although  it  was  al¬ 
ways  at  the  fame  height  •,  which  fhews  that  it  was 
fixed  to  the  horizon,  and  did  not  partake  at  all 
of  the  motion  of  the  ftars  from  E.  to  W. 

The  fame  night  after  the  emerfion  of  the  fourth 
fatellite,  and  of  the  firft  from  the  fliade  of  Ju¬ 
piter,  obferved  at  20  minutes  after  3,  the  light 
appeared  continually  very  bright.  It  had  (till 
the  fame  breadth,  extent,  and  filiation,  with  re¬ 
gard  to  the  horizon  ;  but  it  was  among  very  diffe¬ 
rent  ftars  from  thofe  where  it  had  been  at  mid¬ 
night.  On  the  eaft  fide  it  pafifed  through  the  ftars 
of  the  Swan ,  thofe  of  the  harp,  and  the  head,  and 
weftern  fhoulders  of  Serpent  anus,  and  the  ftars  of 
the  fcales.  On  the  W.  fide  it  was  extended  over 
the  fhoulders  of  Orion ,  the  head  of  the  Bull ,  and 
the  conftellation  of  Cajfiopeia  ;  fo  that,  in  this  laft 
obfervation,  the  light  paffed  through  more  eaftern 
ftars  than  thofe  where  it  was  at  midnight,  thefe 
being  more  to  the  weft  ward  •,  which  fhews  again, 
that  it  did  not  partake  at  all. of  their  motion,  and 
that  it  was  fixed  with  regard  to  the  horizon,  and 
confequently  that  it  was  not  far  diftant  from  the 
earth  ;  for  all  that  appears  in  the*  heavens  with¬ 
out  partaking  of  the  univerfal  motion  from  eaft 
Vol.V.  N°5I.  Hh  to 
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to  weft,  in  the  three  hypothefes  of  Ptolomy 5  Co - 
■ pernicus ,  and  Pycbo,  is  reckoned  to  belong  to  the 
earth,  and  to  be  in  its  atmofphere.  Thus  alfo 
the  matter,  which  was  the  caufe  of  this  light, 
was  farther  diftant  from  the  earth  than  the  clouds, 
which  were  in  the  air  at  the  fame  time,  as  we 
have  before  obferved,  it  was  neverthelefs  con¬ 
tained  in  the  atmofphere. 

The  ioth  of  January,  7  at  night,  the  light 
was  very  clear,  and  encompaffed  almoft  the  whole 
horizon.  It  was  only  on  the  S.  W.  fide  that  it 
did  not  appear  very  fenfibly.  Some  clouds  af¬ 
terwards  rifing  above  the  horizon,  the  light  was 
partly  effaced  by  them  ;  but  we  always  faw  its 
upper  edge  when  the  clouds  did  not  come  at  all. 

The  1 1  th  of  January  the  light  was  fenfible  on¬ 
ly  toward  the  eaft  ;  it  began  below  the  weftern 
Ihoulder  of  Bootes ,  paffed  under  Berenice’s  hair, 
crofted  the  weftern  ftars  of  the  Virgin ,  where  it 
was  bright,  and  ended  near  the  ftars  of  the  Jhip, 

After  the  nth  o {January,  the  heavens  ha¬ 
ving  been  for  fome  days  covered,  and  the  light 
of  the  moon  fucceeding,  we  were  not  able  to 
make  other  obfervations. 

It  appears  by  what  I  have  juft  related,  that  the 
brightnefs  and  extent  of  the  light  was  fubjedt  in  a 
little  time  to  great  variations;  for  the  two  fir  ft 
days  of  its  appearance,  which  were  the  15th  and 
1 6th  of  December,  it  filled  90  degrees,  and  then 
difappeared  ;  it  appeared  a  new  the  6th  and  9th  of 
January,  four  times  as  large  as  before,  finceiten- 
compaffed  the  horizon  ;  theiothit  had  diminifhed 
a  little  toward  the  S.  W,  the  nth  a  great  deal 
more,  appearing  bright  only  toward  the  E.  upon 
the  ftars  of  the  Virgin,  and  at  laft  it  was  entirely 
diffipated  without  having  been  ince  vifible. 


This 
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This  light  has  fome  fimilitude  with  that  which 
we  obferved  in  April  the  laft  year,  although  it  dif¬ 
fers  in  fome  circumftances,  they  agree  in  this,  that 
both  appeared  at  the  horizon  like  twilight,  whit- 
ifh  and  tranfparent,  fo  that  we  faw  the  ftars  which 
were  plunged  in  it.  That  in  April  appeared  to¬ 
ward  the  N.  and  N.  E.  filling  about  80  degrees. 
That  of  the  15th  and  1 6th  of  December  laft,  ap¬ 
peared  on  the  fame  fide  of  the  horizon  having  an 
extent  of  about  90  degrees  ;  but  in  the  greateft 
part  of  the  obfervations  of  January ,  this  extent  was 
much  greater,  fince  it  encompafted  the  horizon. 

In  April ,  befide  the  conftant  light  in  the  form 
of  twilight,  as  in  that  of  December  and  January , 
there  were  flafhes  of  light  which  rofe  fucceftively 
from  the  horizon,  and  traverfed  the  horizontal 
light  which  did  not  happen  in  any  of  the  laft  ob¬ 
fervations. 

That  in  April  appeared  in  the  fame  night  only 
for  two  hours,  that  is,  from  haft  an  hour  after  ten 
and  then  difperfed  ;  the  laft  were  vifible  all  nighr, 
when  the  heavens  were  clear,  and  to  judge  of  it  by 
its  brightnefs  on  the  other  nights,  there  is  room  to 
believe  that  if  it  did  not  laft  lo  long,  it  was  be- 
caufe  the  clouds  hid  it  from  us. 

Notwithftanding  thefe  phenomena  are  rare,  yet 
there  have  been  feen  formerly  fome  which  have 
born  a  refemblance  to  thofe  which  we  have  ob¬ 
ferved. 

*  Pliny  fays  that  under  the  confulfhip  of  C.  Ca- 
cilius  and  Cn.  Papyrius ,  which  was  1 1 1  years  be¬ 
fore  Chrift,  a  light  was  feen  in  the  night-time, 
which  was  obferved  feveral  other  times,  as  if  a  fort 
of  day  had  fhone  in  the  night. 

y  Seneca  giving  an  account  of  feveral  lights  that 
appeared  in  the  air,  fays  that  fome  of  them  are 

*  Lib.  II.  Cap.  33.  f  Quaeft.  nat.  Lib.  T. 

H  h  2  permanent 
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permanent  in  certain  places,  and  give  fo  much 
light,  that  they  diffipate  the  darknefs  and  appear 
like  day.  He  adds  that  among  thefe  there  are 
fome  which  are  feen  in  the  clouds,  and  others  that 
appear  above  the  clouds. 

Our  light  was  alfo  fixed,  and  had  no  motion 
with  regard  to  the  horizon,  it  had  beftde  this  par¬ 
ticularity  of  appearing  above  the  clouds,  and  al¬ 
though  it  was  not  fo  great  as  to  reprefent  the  day, 
it  neverthelefs  feemed  like  the  break  ot  day.  Cal - 
vifius  in  992,  relates  that  on  Cbriftmas- night  there 
appeared  to  the  N.  fo  great  a  light  that  it  repre- 
fented  the  day. 

A  Saxon  chronologift  that  was  publifhed  by  M. 
Leibnitz ,  fays  he  faw  in  993  the  night  of  St.  Ste - 
phen ,  fo  great  a  light  to  the  N.  that  one  would 
have  thought  the  day  was  going  to  break.  It  ap¬ 
peared  at  the  beginning  of  the  night,  and  lafted 
for  an  hour. 

M.  Gajfendi  affirms  that  he  faw,  five  different 
times,  the  northern  lights,  of  which  he  has  only 
given  the  defcription  of  that  which  was  vifible  in 
September  1621,  and  which  feems  to  be  more  like 
that  which  we  obferved  in  April ,  than  thefe 
3  aft. 

The  obfervation  related  by  Calvifius  and  that  of 
the  Saxon  chronologift  have  this  relemblance  with 
ours,  that  they  appeared  pretty  near  the  fame  fea- 
fon  of  the  year,  and  toward  the  winter  folftice, 
whereas  thofe  of  Gajfendi ,  were  vifible  in  different 
leafons,  that  is  3  in  September ,  one  in  Aprils  and 
the  5th  in  February. 

After  the  obfervations  of  Gajfendi ,  we  have  had 
no  other  but  thofe  of  1707  made  at  Copenhagen , 
by  M.  Roemer ,  and  at  Berlin ,  by  M.  Kircbius  \ 
although  in  this  interval  there  had  been  many 
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excellent  aftronomers,  very  attentive  to  celeftial 
obfervations. 

In  the  regifter  of  the  obfervations  of  April  4, 
1695,  after  many  obfervations  of  the  fatellites  of 
Jupiter ,  which  (how  that  the  heavens  were  clear 
that  night,  I  obferved  that  toward  the  S.  W.  there 
were  very  bright  clouds  from  the  horizon  to  about 
4  or  5  degrees  in  height,  and  10  or  12  in  length, 
which  were  terminated  on  the  fide  of  the  zenith, 
by  a  black  cloud.  This  phenomenon,  which  I  ob¬ 
ferved  from  10  at  night  to  1 1,  and  which  appear¬ 
ed  as  if  a  great  fire  had  enlightened  the  clouds,  had 
rather  fome  refemblance  to  that  which  appeared  in 
England ,  in  March ,  than  to  our  laft,  which  we 
never  law  better  than  when  it  had  no  clouds  about 
the  place  where  it  appeared. 

All  the  appearances  of  this  light,  obferved  by 
GaJJendi ,  were  followed  as  he  teftifies,  by  mild 
and  clear  days.  M.  Roemer  after  having  given 
the  obfervations  which  he  made  in  1707  of  two 
northern  lights,  adds,  that  thefe  phcenomena  are  ra¬ 
ther  a  fign  of  the  prefent  iiate  of  the  air,  than  of 
that  which  is  to  follow,  and  that  it  does  not  al¬ 
ways  happen  as  fonte  believe,  that  in  fummer  they 
are  followed  by  fair  weather  and  in  winter  by  cold. 
M.  Kir chius  in  the  obfervations  which  he  made  at 
Berlin ,  the  6th  of  March ,  1707,  fays,  that  this 
appearance  was  attended  by  fair  weather,  and  that 
it  thawed  all  the  day. 

The  Enghjh  accounts  which  relate  the  obfervati¬ 
ons  of  the  phenomenon  of  the  1 7th  of  March  1716, 
take  notice  at  the  fame  time  that  the  air  was  mild, 
and  even  hot  that  day  •,  it  was  alio  the  fame  the 
1  ith,i  2th,  and  13th  of  Aprils  in  which  days  we  ob¬ 
ferved  the  northern  lights  in  1716.  The  air  was  al- 
fo  very  mild  during  the  laft  appearances  of  our 

light,  the  1 5th  and  x 6th  of  December^nd  \njanu~ 

ary 
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ary  when  it  was  vifible,  which  is  not  ufual  in  that 
feafon. 

It  appears  then,  by  the  obfervations  that  we 
have  juft  related,  that  the  appearances  of  thefe 
lights  have  been  accompanied  with  a  mild  and 
temperate  air,  even  in  winter  and  in  cold  climates, 
which  gives  room  to  believe  that  thefe  lights  are 
caufed  by  fubtile  and  fulphurous  exhalations, 
which  being  raifed  from  the  earth  and  kindled  in 
the  air,  have  helped  to  make  it  mild  ;  for  there  is 
no  room  to  doubt  but  that  the  date  of  the  air,  in 
the  fame  feafon,  is  diverfiiied  by  the  different  ex¬ 
halations  ;  and  that  thofe  which  kindle  in  the  air 
may  moderate  it  even  when  it  is  lefs  warmed  by 
the  rays  of  the  fun. 

It  may  alfo  be  remarked,  that  the  years  in  which 
we  have  obferved  thefe  laft  phenomena,  the  rains 
have  not  been  great  in  this  climate;  for  in  1706, 
which  was  the  year  before  the  appearance  of  the 
light  obferved  in  Copenhagen ,  and  Berlin ,  the  be¬ 
ginning  of  March  1707,  according  to  the  obier- 
vations  of  M.  de  la  Hire 9  there  fell  only  1 5  inches 
and  a  half  of  rain,  and  the  two  firft  months  of 
1707  there  fell  but  one  inch,  which  is  a  fign  of 
drought;  and  during  1716,  that  the  light  was  ob¬ 
ferved  three  times  in  England ,  and  twice  at  Paris , 
there  fell  only  14  inches  of  rain,  which  is  alfo  a  fign 
of  great  drought.  We  do  not  know  whether  the 
fame  thing  happened  at  the  time  of  GaJJendi9 s  ob¬ 
fervations,  becaufe  they  did  not  at  that  time  mea- 
fure  the  rain  that  fell. 

Thefe  iights  may  probably  be  vifible  only  in  dry 
weather,  and  rather  the  confequence  than  prog- 
noftic  of  it.  For  in  a  dry  year  the  exhalations 
mud  be  in  greater  abundance,  and  lels  mixed 
with  humidity,  and  thence  are  more  cafy  to  be 

inflamed 
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inflamed,  and  to  produce  thefe  appearances  of  light 
which  we  have  related. 

III.  Defcription  of  a  machine  to  raife  water  5 

by  M.  de  la  Faye. 

M  .Perrault  in  his  tranflation  of  Vitruvius,  L.io. 
C.  9.  propofes  feveral  machines  for  raifmg  water, 
and  in  the  firft  place  the  Tympanum.  This  ma¬ 
chine  does  not  raife  the  water  very  high,  but 
it  raifes  a  great  quantity  of  it.  They  make  an  axle 
rounded  exactly,  and  fhod  with  iron  at  both  ends, 
which  croffes  a  tympanum  made  with  planks  joyn- 
ed  together,  and  the  whole  is  placed  upon  two 
flakes,  whichhave  iron  plates  at  each  end  to  fupport 
the  ends  of  the  axle.  In  the  cavity  of  the  tympanum 
are  put  8  planks  acrofs  from  the  circumference  to 
the  axle,  which  divide  the  tympanum  into  equal 
fpaces  \  the  fore-part  is  made  with  other  planks 
in  which  there  are  apertures  made  of  about  half  a 
foot  to  let  the  water  enter  within,  the  length 
of  the  axle  is  alfo  hollowed  into  a  channel  on  the 
right  of  each  fpace,  which  go  the  length  of  one  of 
the  Tides  of  the  axle.  All  this  having  been  pitched 
as  the  fhips  are,  the  machine  is  turned  by  men, 
and  then  it  draws  the  water  through  the  apertures 
that  are  at  the  extremity  of  the  tympanum ,  and  dis¬ 
charges  it  through  the  channels  that  are  at  the  extre¬ 
mity  of  the  axle.  Thefe  are  the  words  of  Vitru¬ 
vius  ;  all  the  other  machines  of  this  kind,  that  are 
called  tympanum ,  which  I  have  feen  in  the  Thea- 
trum  Machinarum  of  Botterus,  and  in  Ramelliy 
as  alfo  in  fome  Italian  and  German  books,  which 
treat  of  machines,  have  all  the  common  fault  of 
raifing  the  water  by  the  Radius  of  the  circle,  and 
differ  in  nothing  from  Vitruvius's  tympanum^  be- 
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ing  drawn  from  the  fame  principle,  and  therefore 
it  will  be  needlefs  to  give  the  defcription  of  them. 
From  hence  we  may  conclude  that  this  machine 
has  confiderable  faults,  the  firft  and  the  greated  of 
which  is,  that  it  raifes  the  water  in  the  mod  difad- 
vantageous  fituation  poflible,  fince  the  weight  is  al¬ 
ways  at  the  end  of  the  radius ,  which  is  the  longed 
lever  of  the  circle,  and  thereby  wearies  the  power 
which  a<5ts  at  a  great  difadvantage  and  without 
uniformity,  which  is  probably  the  reafon  why  it  is 
no  longer  ufed  ;  add  to  this  that  the  machine  is 
heavy  and  mafly  as  may  be  feen  by  its  condru£tion, 
and  the  very  exatd  defign  that  M.  Perrault  has 
given  of  it.  I  mud  mention  in  this  place  that  af¬ 
ter  having  executed  this  machine,  M.  de  la  Hire’s 
ireaiife  of  mecbanicks  falling  into  my  hands,  I  found 
in  the  1 16th  propofition  of  this  ingenious  work,  a 
condrudtion  of  wheels,  the^r^rjof  which  have 
arms  or  wings  to  raife  pidons,  like  thofe  of  the 
mills  for  gun-powder,  paper,  fulling  and  forging. 
Although  M.  de  la  Hire ,  to  make  the  motion  of 
the  pidons  equal,  makes  ufe  of  a  curve  line, 
which  he  calls  epicycloid ,  of  which  the  circle  of 
the  arbor  is  the  bale,  and  is  formed  by  a  right 
line  which  turns  about,  and  is  applied  fuccefiive- 
ly  to  all  the  points  of  the  circle  ;  as  it  did  not  ap¬ 
pear  to  me  in  any  part  of  his  treatife,  that  he  had 
thought  of  making  ufe  of  channels  to  raife  waters, 
by  introducing  them  there,  I  made  ufe  of  a  fmall 
mechanical  curve,  of  which  I  am  going  to  give  a 
condrudtion,  the  fame  that  I  had  invented  and 
executed  long  ago  •>  and  afterwards  I  fhall  explain 
the  properties  of  it. 

The  machine  *  that  I  propofe  has  no  confor¬ 
mity  with  the  tympanum  but  in  emptying  itfelf  at 
the  centre,  otherwife  the  conditions  are  very  dif- 

*  Plate  IV.  Fig.  2,  3,  4  and  5. 
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ferent.  It  Teems  to  me  to  be  Ample,  and  as  light 
as  poffible  for  its  fize.  The  conftru&ion  of  it  is 
eafier  and  cheaper  than  its  figure  Teems  to  pro- 
mife,  if  we  may  depend  upon  the  workmen,  and 
efpecially  on  two  of  the  moft  able  ffiipwrights  in 
France. 

It  is  compofed  of  an  iron  arbor  which  pafies 
through  a  nave  which  is  divided  into  four  fepara- 
tions,  over  again  ft  the  apertures  of  four  channels, 
which  are  bent  according  to  the  moft  advantage¬ 
ous  conditions  poffible.  The  machine  is  fo  plain, 
at  firft  fight,  that  I  am  afraid  of  wafting  time  in 
faying,  that  as  the  wheel  turns  it  makes  the  wa¬ 
ter  enter  into  its  channels,  which  always  remains 
in  a  fixed  place,  and  perpendicular  to  the  curve, 
upon  which  it  a<fts  with  great  uniformity,  and 
Very  little  effort.  The  following  is  the  genera¬ 
tion  of  this  curve. 

I  took  the  nave  of  the  machine,  and  after 
having  furrounded  it#with  a  foft  and  flexible 
Watch-fpring,  I  fixed  one  end  of  it,  and  unfold¬ 
ing  the  other  armed  with  a  point,  it  formed  a 
mechanical  curve,  which  had  for  its  evolution  the 
circle  of  the  nave.  If  we  give  to  the  channels 
the  curvity  that  we  have  juft  defcribed,  it  is  vi- 
fible  that  the  weight  will  always  be  in  the  moft 
advantageous  fituation  poffible,  fince  it  rifes  ver¬ 
tically  by  a  tangent  line  to  the  nave,  and  which 
confequently  is  diftant  from  it  only  the  femi- 
diameter  of  the  nave.  In  this  machine  the  power 
is  to  the  effect,  as  the  circumference  of  the  nave 
or  of  the  arbor  is  to  its  radius :  for  example,  in 
this  model  the  arbor  is  fix  inches  in  diameter, 
and  confequently  about  nineteen  inches  in  circum¬ 
ference,  of  which  1  reckon  but  18  in  length  for 
the  lever,  where  the  power  is  applied,  becaufe 
of  the  plunging  of  the  pallets  into  the  water, 
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while  the  weight  makes  no  effect  but  upon  a  le¬ 
ver  of  3  inches,  which  is  the  radius  of  the  nave  : 
from  whence  it  follows,  that  the  power  is  to  the 
effect  as  3  is  to  18,  or  as  1  to  6,  and  a  little 
more. 

By  this  conftrudtion  the  weight  to  be  raifed 
makes  always  uniformly  the  fame  effedt,  which  is 
the  leaf!:  poflible  while  the  power  applied  the  moft 
advantageoufly  that  it  can,  adts  with  energy  by  the 
pallets  placed  at  the  extremity  of  the  radius  of 
the  wheel.  Thefe  two  conditions  being  anfwered, 
make  the  greateft  perfedlion  that  can  be  defired 
in  a  machine,  without  reckoning  fome  confidera- 
tions  that  are  not  contemptible  in  mechanicks, 
which  are  that  it  has  only  the  fingle  fridtion  of 
the  axis,  which  is  neceflary  and  confequently  in¬ 
evitable  ;  and  that  we  do  not  make  ufe  of  mate¬ 
rials  that  arc  perifhable  or  fubjedt  to  reparations 
by  the  fridtion,  as  of  leather,  with  which  they 
make  the  valves,  and  fyrround  the  piftons  of 
pumps,  nor  of  dear  and  heavy  materials,  as  me¬ 
tals,  the  whole  being  of  wood.  The  perfedlion 
and  fimplicity  of  the  machine,  frees  it  from  all 
thefe  additional  expences,  add  to  this  that  the 
vertical  elevation  is  the  fhorteft.  It  feems  to  me 
to  be  preferable  to  the  ferew  of  Archimedes ,  which 
is  inclined,  and  difeharges  only  a  very  little 
part  of  its  water,  and  remains  charged  with  the 
reft,  which  is  very  confiderable,  efpecially  when 
it  is  of  a  great  bulk,  as  it  always  is  when  they 
would  draw  any  ufe  from  ir,  it  being  hardly  of 
any  fenfible  effedt  when  it  is  fmall,  whereas  this 
machine  difeharges  all  its  water  at  each  turn  of 
the  wheel.  I  do  not  know  that  any  body  till 
-  now  has  purpoled  the  raifing  o t  waters  in  curved 
channels,  according  to  the  conditions  here  above 
expreft'ed.  This  machine  would  be  very  ufeful 
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in  places  where  it  fhould  be  necefiary  to  raife  a 
great  quantity  of  water  ;  it  would  eafily  furnifh  a 
fufficient  quantity  to  turn  a  mill,  and  to  water 
meadows  and  gardens.  This  advantage  renders 
it  fuperior  to  all  other  machines  yet  known,  for 
great  and  vaft  projects,  for  the  communication 
of  rivers,  from  which  it  might  furnifh  water  to 
the  canals  which  fhould  join  them,  for  drying 
overflowed  grounds,  and  for  a  number  of  other 
cafes. 

There  remains  an  inconveniency  to  this  machine, 
which  is  the  raifing  the  water  only  at  its  femi-dia- 
meter.  If  there  fhould  be  occafion  for  a  greater 
height,  I  believe  they  might  make  ufe  of  two  or 
three  wheels  one  upon  another  ;  a  means,  which 
tho5  inconvenient,  would  however  be  very  prac¬ 
ticable  by  the  perfedtion  of  the  machine,  where 
there  is  neither  water  nor  force  loft  ;  and  becaufe 
the  power  is  always  applied  the  moft  advantage- 
oufly  poffible  with  relation  to  the  weight,  as  has 
been  above  proved. 

As  to  the  mechanical  conftrudtion,  as  all  the 
difficulty  is  reduced  to  bending  long  planks  of 
deal  or  oak,  or  other  proper  wood,  according  to 
this  curve,  which  is  very  eafy  to  follow,  as  we 
have  juft  feen,  by  the  unfolding  a  meafuring  chain 
which  fhould  have  furrounded  the  nave.  The 
common  carpenters  told  me,  and  I  faw  that  they 
gave  the  planks  what  curvity  they  pleafed  by 
Itraining  them  with  feveral  iron  or  wooden  pins, 
or  by  charging  them  with  feveral  weights  •,  after 
which  they  make  ufe  of  fire,  which  they  kindle 
underneath,  or  at  the  fide  of  thefe  planks,  which 
make  them  always  preferve  their  curvity.  When 
they  make  ufe  of  green  wood,  they  bend  it,  and 
let  it  dry  without  ufing  of  fire,  which  produces 
the  fame  eflfcd.  As  for  the  Tides,  they  make 

I  i  2  them 


244  History  tf/ziMEMoiRSfl/V^ 

them  of  all  forts  of  planks ;  after  which  they 
caulk  and  pitch  the  machine  ;  when  it  leaks,  the 
leaft  caulking  remedies  it  with  eafe,  and  the  leaft 
expence,  as  every  body  knows,  which  renders 
the  work  durable.  This  machine  is  neither  of  a 
great  price,  nor  difficult  conftruftion,  becaufe 
the  parts  have  always  neceffarily  a  conftant  rela¬ 
tion  between  themfelves,  fo  that  the  given  thick- 
nefs  of  the  nave  determines  the  diameter  of  the 
wheel,  and  the  given  diameter  renders  in  its  turn 
the  thicknefs  of  the  nave.  This  harmony  which 
naturally  proceeds  from  the  fubjetft,  fpares  a  try¬ 
ing,  which  almoft  always  accompanies  the  under¬ 
takers,  and  difeourages  them,  or  at  leaft  retards 
the  work. 

We  might  make  ufe  of  this  principle  to  make 
Clepfydrce  more  juft  than  thofe  that  we  have,  all 
which  want  uniformity. 

As  for  the  affemblage,  if  this  is  not  fufficient 
to  give  the  folidity  requifite  for  this  wheel,  when 
it  fhall  carry  ladles  or  pallets,  we  may  have  re- 
courfe  to  the  {kill  of  our  carpenters,  who  are  very 
well  verfed  in  this  affair,  and  they  will  help  us  in 
what  is  proper  to  be  done. 

IV.  An  inquiry  into  the  dates  of  the  inven¬ 
tion  of  the  micrometer ,  pendulum  clocks , 
and perjpedlive  glajjes ,  by  M.  de  la  Hire*. 

As  I  have  perceived  that  in  the  afiemblies  of 
the  academy,  it  has  often  been  debated  who  were 
the  firft  inventor  of  the  micrometer  and  pendu¬ 
lum  clock,  and  that  each  endeavours  to  give  the 
preference  to  thofe  whom  they  are  moft  interefted 
for,  I  imagined  it  would  pleale  the  academy  and 

*  June  23,  1717. 
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the  learned,  if  I  informed  them  in  this  memoir 
of  what  I  have  been  able  to  difcover,  with  the 
greateft  certainty,  both  by  the  dates  of  the  im- 
prefiions  of  what  has  been  publifhed;  as  from  the 
particular  information  that  I  have  had  in  the  inti¬ 
macy  which  I  have  always  entertained  with  thofe 
who  had  the  greateft  fhare  in  them,  and  with  our 
oldeft  mathematicians,  for  a  great  number  of  years 
that  I  have  applied  myfelf  to  thefe  inquiries  with 
relation  to  geometry  and  natural  philofophy. 

I  begin  then  with  the  micrometer,  and  I  find 
that  in  the  ephemerides  of  the  marquis  Malvafiay 
printed  in  1662,  pag.  193,  fpeaking  of  Saturn 
and  his  fatellite,  which  is  the  middle  one  of  the 
five  that  accompany  this  planet  ;  he  names  feme 
perfons  who  had  already  feen  it,  and  he  does  not 
mention  M.  Huygens ,  who  from  the  year  1659, 
had  printed  his  iyftem  and  obfervations  upon  the 
ring  and  fatellite  of  this  planet,  which  this  mar¬ 
quis  could  not  be  ignorant  of,  and  which  he 
ought  not  to  have  pafled  over  in  filence.  Since 
M.  Huygens  had  publifhed  it  three  years,  and  had 
dedicated  his  book  to  prince  Leopold  of  Tufcany. 

It  is  on  this  occafion  that  the  marquis  Malvafia 
relates,  in  page  196,  the  manner  of  obferving 
fmall  diftances  between  ftars  and  planets,  and 
even  the  means  of  preparing  an  exa<5t  figure  of 
the  fpots  in  the  moon.  He  makes  a  frame  or 
little  net  with  very  fine  filver  threads,  and  divides 
again  one  of  the  lquares  of  the  extremity  of  this 
net  into  (mailer  parrs  with  the  fame  threads,  and 
having  applied  this  net  to  the  common  focus  of 
two  convex  glades  of  a  telefcope,  he  makes  one 
of  the  ftars  that  are  near  the  equator  come  upon 
one  of  the  threads,  by  turning  the  net  or  the  tele¬ 
fcope,  as  much  as  is  neceffary  to  make  it  agree 
with  ic ;  and  he  reckons  by  his  pendulum  of  fe- 

conds, 
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conds,  how  much  time  is  paffed  between  ^he  paf- 
fage  of  the  ftar  from  one  thread  o  another,  of 
thofe  that  are  perpendicular  10  that  upon  which 
the  ftar  moves ;  which  by  this  means  gives  him 
the  knowledge  of  the  quantity  of  minutes  and  fe- 
conds  of  a  degree  that  the  intervals  of  the  threads 
of  the  net  contain,  with  regard  to  the  length  of 
th z  focus  of  the  telefcope. 

We  fee  therefore  by  this,  that  the  marquis 
Malvafm  had  a  fort  of  micrometer  which  was  not 
very  different  from  that  which  Meff.  Auzout  and 
Picard  publifhed  in  1 666,  except  in  the  manner 
of  dividing  this,  and  of  rendering  it  very  exadt 
and  convenient,  by  applying  to  it  the  threads  of 
filk,  which  are  very  fine  in  proportion  to  thole  of 
filver,  and  making  ufe  of  a  runner,  wh^ch  moves 
by  a  fcrew  for  meafuring  the  diftances  exadt’v. 
This  marquis  had  alfo  then  a  pendulum  clock 
which  marked  feconds,  and,  as  he  faid,  had  been 
found  at  Flore?ice  fome  years  before. 

But  as  to  the  micrometer,  we  find  toward  the 
end  of  M .  Huygens's  book  of  the  fyftem  of  Sa¬ 
turn,  printed  in  1659,  t0  t^iree  Years 

before  the  printing  of  the  marquis  A lalvafla’s 
ephemerides,  the  manner  of  obferving  the  dia¬ 
meters  of  planets  by  making  ufe  of  a  telelcope, 
and  putting,  as  he  fays,  to  the  focus  of  the  convex 
eye-glafs,  which  is  alfo  the  focus  of  the  objedt- 
glafs,  an  objedt  which  he  calls  virgula ,  of  a  pro¬ 
per  thicknefs  to  contain  the  object  that  he  would 
mealure  ;  for  he  gives  notice,  that  in  this  part  of 
the  telefcope,  with  two  convex  glaffes,  the  imalleft 
objects  are  feen  very  diftindtly  ;  and  it  was  by 
this  means  that  he  meafured  the  diameters  of  the 
planets,  as  he  relates  them  after  having  found, 
by  the  experiment  of  the  paffage  of  a  ftar  behind 
this  bodv,  how  many  feconds  of  a  degree  it  con- 

tamed. 
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tained.  There  is  fo  little  difference  between  the 
conftruCtion  of  the  micrometer  that  M.  Huygens 
made  ufe  of,  and  that  of  the  marquis  Malvqfia , 
which  appeared  but  three  years  after,  that  this 
cannot  pafs  for  a  difcovery.  Thus  we  mufl  allow 
that  we  are  indebted  to  M.  Huygens  for  the  inven¬ 
tion  of  the  micrometer,  which  they  have  fince 
improved  to  the  point  it  is  now  at. 

As  to  the  pendulum  clock,  if  the  marquis 
Malvafia  has  faid,  in  1662,  that  he  had  a  pendu¬ 
lum  clock,  and  that  he  made  ufe  of  it,  as  he  ob- 
ferves,  it  is  a  date  that  we  may  refer  to  that  time ; 
but  not  what  he  adds,  that  it  was  found  at  Flo¬ 
rence  fome  years  before,  no  more  than  that  which 
is  printed  in  1666  in  the  faggi  of  Florence ,  where 
it  is  faid  that  Galileo  had  thought  of  applying 
the  pendulum  to  a  clock,  but  that  it  was  not  ex¬ 
ecuted  till  1649  by  his  fon,  without  obferving 
how  this  application  was  made  :  but  if  this  pen¬ 
dulum  clock  was  in  ufe  from  1649,  it  is  not  pro¬ 
bable  that  M.  Huygens ,  who  was  intimate  with 
all  the  learned  men  in  Europe ,  and  was  very  well 
known  at  Florence ,  fhould  have  the  afiurance  to 
print  the  conftruCtion  of  this  fame  pendulum 
clock,  by  Adrian  Ulacq  at  the  Hague  in  1658,  as 
a  new  thing,  nine  years  after  it  had  been  executed 
at  Florence ,  without  being  afraid  of  palling  for  a 
plagiary,  and  of  producing  for  a  novelty  what 
was  already  very  well  known  ;  for  there  is  but 
one  way  of  applying  the  pendulum  to  the  clock, 
which  is  by  fubflituting  it  for  the  balance  of  the 
common  clocks,  to  rectify  the  motion  of  this  ba¬ 
lance,  which  is  always  very  unequal. 

In  this  application  of  the  pendulum  to  the  clock, 
they  had  not  yet  thought  of  rectifying  the  proper 
motion  of  the  pendulum,  which  had  been  found 
alfo  at  Florence  to  be  very  unequal^  according  to 

the 
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the  different  extents  of  its  vibrations,  which  M. 
Huygens  afterward  found,  and  printed  at  Pans  in 
1673  in  histreatife,  entitled  Horologium  Ofcillato - 
rium  which  is  one  of  the  fineft  works  that  has  been 
lately  made  upon  geometry. 

This  invention  of  pendulum  clocks  ingages  me 
to  fay  fomething  of  the  portable  clocks  and  watch¬ 
es,  of  which  they  rectify  the  motions  of  the  ba¬ 
lance,  which  is  very  unequal  in  itfelf  by  means  of 
a  little  fpiral  fpring  that  governs  the  inequality  of 
the  balance,  which  is  fo  much  in  ufe,  that  they 
now  make  all  their  watches  in  this  manner  ;  and 
lean  affirm  this  becaufe  it  is  an  affair  that  paffes 
entirely  under  my  infpedfion.  This  invention  was 
propofed  at  Paris ,  only  by  word  of  mouth,  about 
40  years  ago,  by  M.  I' Abbe  de  Hautefeuille  d’Or - 
leans  very  fruitful  in  mechanical  inventions.  M. 
Huygens  who  was  then  at  Paris  and  who  feems  to 
have  fome  right  over  rectified  clocks,  prefently 
made,  as  he  faid,  fome  experiments  with  his  fpring 
fire-tongs,  and  having  obferved  that  the  vibrations 
or  motions  of  the  legs  were  pretty  equal,  he  con- 
ftrufted  a  watch  with  a  fpiral  fpring,  upon  the 
principle  of  the  equal  motion  of  the  vibrations  of 
a  fpring,  and  prefented  it  to  M.  Colbert.  The 
invention  was  found  to  be  very  beautiful,  and 
feemed  to  be  very  ufeful,  for  it  was  vifiblethat  the 
motion  of  the  balance  was  very  equal ;  but  as  M. 
Huygens  was  very  much  efteemed  and  in  favour  at 
court,  he  had  a  mind  to  afk  the  privilege  of  this 
fort  of  watches,  which  he  obtained  very  eafily. 
But  this  was  not  enough,  it  was  neceflary  in  order 
to  make  a  greater  advantage  of  this  privilege,  and 
to  draw  fome  profit  from  it,  which  he  had  no  need 
of,  having  a  confiderable  penfion  from  the  king, 
to  get  it  palled  in  parliament.  The  Abbe  who 
knew  what  pafled,  and  took  pains  to  obtain 

the 
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the  right  of  his  invention,  did  fo  much  by  his  reg¬ 
ions  and  his  proofs  that  he  hindered  the  palling  of 
the  privilege.  Some  of  the  mod  celebrated  work¬ 
men  who  forefaw  well  the  injury  that  this  would 
do  them,  engaged  themfelves  in  it  \  the  affair  reff 
ted  there,  and  M.  Huygens  fpoke  no  more  of  it  ; 
and  they  have  always  continued  to  make  all  watch¬ 
es  with  fpiral  fprings. 

I  fhould  have  fimfhed  my  memoir  after  this  hif- 
tory,  if  it  was  not  that  we  have  yet  in  the  practice 
of  aftronomy  an  inftrument  which  is  not  lefs  ufe- 
ful  than  the  preceeding  ;  it  is  the  quadrant  and  its 
portions  which  we  make  ufe  of  to  obferve  the  height 
of  the  ftars,  and  their  diftance  between  themfelves, 
and  which  carries  telefcopes  inftead  of  common 
fights  ;  and  I  do  not  find  any  certain  epoch  when 
they  began  to  make  ufe  of  it.  Thefe  forts  of  te^- 
lefcopic  fights  have  a  very  great  advantage  above 
the  common  or  undertones,  as  well  for  aftronomy 
as  geography,  in  this  that  all  forts  of  eyes  may 
make  ufe  of  them  equally,  and  that  as  the  telefcope 
inlarges  the  objects,  we  not  only  fee  them  greater 
but  much  more  diftind,  and  we  may  make  obier- 
vations  with  them  with  great  exadnefs.  I  am  on¬ 
ly  furprifed  that  the  ufe  of  thefe  telefcopic  fights 
did  not  quickly  follow  that  of  the  micrometer,  for 
it  feems  to  me  that  only  this  inftrument  was  applied 
to  the  quadrants. 

It  was  publifhed  here  that  this  wasM.  Picard's 
invention  *,  and  it  was  not  without  foundation,  for 
this  reafon,  I  alked  him  one  day  what  it  was,  he 
anfwered  very  cooly  that  M.  Auzout  had  a  great 
fhare  in  it,  and  I  have  not  been  able  to  find  exad- 
ly  the  time  when  they  were  applied  to  the  inftru- 
ments.  I  only  fee  that  in  the  book  of  the  meafurs' 
of  the  earth ,  which  was  made  by  M.  Picardy 
and  was  printed  in  1671,  but  begun  in  1669, 

*  Vol.V.  N°.  52.  Kk  where 
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where  it  is  faid,  in  page  3,  that  it  had  been 
thought  of  for  f  owe  years  to  put  telefcopes  inftead 
of  the  old  fights  ;  and  it  was  thefe  fort  of  fights 
that  were  then  uied.  I  thought  to  have  found 
fomethmg  concerning  thefe  fights  in  the  philofo - 
phiial  tranfaftions ,  but  I  do  not  find  any  men¬ 
tion  of  them  there.  It  is  only  faid,  that  in  Dec. 
1665 ,  M./luzout  afked  Mr.  Hook  to  communicate 
his  method,  by  which  he  makes  a  lens  wrought 
according  to  a  fphere,  of  which  the  diameter  is 
20  or  40  feet,  ferve  to  a  telelcope  of  100  feet; 
and  that  in  return  he  will  difcover  another,  by 
the  means  of  which  they  may  meafure  upon  the 
ground  wirh  the  telefcope  :  and  what  I  have,  fays 
he,  propofed  to  fome  perfons  as  a  paradox,  which 
is  to  meafure  the  diftances  of  places  from  one 
fingle  ftation,  without  making  ule  of  any  mathe¬ 
matical  inftrument  *  but  I  think  that  this  might 
be  underflood  by  imploying  only  the  micrometer 
which  M.  Auzout  ufed,  or  a  quadrant  with  tele¬ 
fcopes  mflead  of  common  fights. 

I  know  that  there  have  been  fome  celebrated 
aftronomers  and  great  obfervers,  who  never  would 
make  ufe  of  thefe  forts  of  fights,  although  they 
were  in  ufe  in  their  time,  becaule  at  the  begin¬ 
ning  they  had  obferved  only  with  common  fights, 
for  they  faid  they  might  be  reproached  with  their 
firft  observations,  not  having  all  the  exa&nefs 
pofTible,  fince  they  had  changed  their  method, 
which  they  would  not  have  done,  if  the  firft  had 
been  certain.  This  reafon  does  not  feem  to  me 
allowable,  when  one  only  aims  at  the  perfection 
of  a  work.  Others  have  had  much  more  reafon 
to  make  iome  difficulty  of  uling  thele  new  fights, 
for  they  faid  that  in  reality  one  of  thefe  fights  was 
very  vifible  and  fine,  being  only  a  filk  thread, 
which  would  be  hardly  vifible,  if  the  eye-glafs 
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of  the  telefcope  did  not  make  it  perceived  :  but 
as  for  the  other  fight,  which  was  the  centre  of  the 
objeCt- glafs,  it  was  invifible  :  but  we  have  an- 
fwered  to  this  objection,  by  demonftrating  that 
we  are  not  lefs  allured  of  the  pofition  of  this  invi¬ 
fible  fight,  than  of  the  other. 

In  fhort,  we  may  fay  in  genera],  that  the  moft 
curious  and  ufeful  parts  of  the  fciences  and  arts, 
either  liberal  or  mechanick,  were  not  at  firft  found 
in  the  perfection  that  we  fee  them  at  prefent,  and 
that  a  flight  idea  that  fhall  be  publifhed,  and 
even  pretty  often,  by  ignorant  people,  and  as  it 
were  by  chance,  thofe  who  have  a  deeper  know¬ 
ledge  of  geometry, and  efpecially  mechanicks,have 
improved  by  it,  and  afterwards  carried  it,  as  it 
were,  by  degrees, to  the  greateft  point  of  perfection 
to  which  it  feems  poflible  to  be  carried.  But  to 
whom  (hall  we  afcribe  the  difcovery  of  thefe  in¬ 
ventions  ?  I  could  relate  feveral  examples  of  them, 
and  thofe  very  confiderable ;  but  I  fhall  content 
myfelf  with  one  alone,  which  comes  quite  to  my 
purpofe,  the  invention  of  telefcopes. 

The  fon  of  a  Dutch  artifan  who  made  fpeCtacles, 
held  in  one  hand  a  convex  glals,  like  thofe  which 
the  presbyt<£,  or  old  men,  ufe  *,  and  in  the  other 
hand  a  concave  glafs,  which  is  ufed  for  thofe  that 
are  fhort-fighted  •,  and  having  by  chance  put  the 
concave  glafs  near  his  eye,  and  removing  a  little 
the  convex  glafs  which  he  held  before  it,  he  per¬ 
ceived  that  he  faw  through  thefe  two  glaiTes  fome 
diflant  objeCts,  much  greater  and  more  diftin&ly 
than  he  faw  them  before  with  the  naked  eye.  Pie 
ihewed  this  effeCt  to  his  father,  who  foon  after 
put  together  fome  of  the  fame  into  little  tubes  of 
five  or  fix  inches  long  ;  and  this  was  the  firft 
difcovery  of  perfpeClive  glalfes.  This  invention 
fpread  at  the  fame  time  every  where  ;  and  this 
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might  be  in  1609,  for  Galileo  pubiifiied  his  ob- 
fervations  with  telefcopes  in  1610,  and  he  fays 
that  he  had  been  informed  of  this  difcovery  nine 
months,  as  mav  be  feen  in  his  Nuncius  Sidereus . 
But  Galileo ,  who  was  a  good  philofopher,  and  cu¬ 
rious  in  difcovering  the  effedts  of  nature,  flopped 
there  ;  and  it  is  furprizing  how  with  a  telefcope 
that  he  had  made  of  the  lame  conftrudlion  with 
the  firft  Dutch  ones,  he  was  able  to  dilcove,  .he 
motion  of  the  fatellites  of  Jupiter,  for  this  tele- 
fcope  was  about  five  feet  long  ;  and  the  longer 
they  are,  the  fmalier  is  the  fpace  which  they  fhew. 

However,  Kepler ,  a  good  mathematician, 
would  penetrate  further,  and  fearch  the  caufe  of 
the  efiredts  of  this  invention,  which  he  did  in  a  very 
fhort  time  ;  for  he  compofed  his  treatife  of  diop- 
tricks ,  and  printed  it  in  1  61 1,  a  year  after  Gali¬ 
leo’s  Nuncius  Sidereus.  This  work  of  Kepler  is 
very  fine  and  curious  ;  and  I  am  furprized  that 
he  was  able  to  compofe  it  in  fo  fhort  a  time,  being 
then  imployed  in  conftrudting  his  Rudolphine  ta¬ 
bles  ;  and  there  is  great  probability  that  he  had 
not  thought  of  it  before  1610. 

M.  Defcartes  came  afterwards,  and  printed  his 
dioptricks  in  16^7,  which  is  a  very  fine  work; 
wherein  he  carries  his  inquiries  very  far,  and  his 
demonftrations  upon  vifion,  and  on  the  figure 
which  lens’s  ought  to  have  in  order  to  compofe 
telefcopes  ;  and  at  laft  he  endeavours  to  conflrudt 
a  very  great  telelcope  with  a  convex  objedt-glafs, 
and  a  concave  eye  glafs,  which  he  could  not  make 
any  ule  of,  becaufe  he  could  only  fee  an  almoft 
infallible  fpace  of  the  objedt.  M.  Defcartes  did 
not  think  of  the  advantage  that  he  mitrht  draw 
from  the  combination  of  one  convex  glafs  for  the 
objedt-glafs,  and  another  for  the  eye-glafs,  which 
his  figures  plainly  fhewed  him  ;  and  without  that 

neither 


Royal  Academy  of  Sciences.  253 

neither  the  great  nor  (mail  telefcopes  would  have 
been  of  any  ufe  for  making  dilcoveries  in  the 
heavens,  and  for  the  obfervation  of  angles-,  and 
how  could  M.  Defcartes  be  ignorant  of  what  Kep¬ 
ler  had  remarked  in  the  86  propolition  of  his 
diopiricks ,  where  he  fays,  fpeaking  of  the  com¬ 
bination  of  lens’s  or  lenticular  glaffes,  Buobus 
convexis  major  a  &  dijlinffa  pr^ftare  vifibilia ,  fed 
everfo  fitu  but  he  was  not  guilty  of  fpending 
his  time  in  reading  the  works  of  others,  and  was 
enough  employed  with  his  own  ideas  and  experi- 
me  us.  It  is  therefore  in  161 1,  which  is  the  date 
Ci  Kepler's  diopiricks,  that  we  muff  fix  the  epoch 
of  the  telefcopes  with  two  convex  glaffes,  and  not 
at  that  of  the  book  intitled,  O cuius  Eli a  Enoch , 
by  F.  Reita  a  German  capuchin,  which  did  not 
come  till  a  good  while  after.  It  is  however  true, 
that  this  father,  after  having  fpoken  of  telefcopes 
with  two  convex  glaffes,  puts  before  this  tele- 
fcope  another  leffer  telefcope,  compofed  alfo  of 
two  convex  glaffes,  which  reverfe  the  reverfing  of 
the  firft,  and  makes  the  objedls  appear  in  their 
natural  pofition,  which  is  .very  convenient,  but  of 
very  little  ufe  for  the  ftars,  in  comparifon  of  the 
clearnefs  and  diflinftion  which  appears  much 
greater  with  two  glaffes  than  with  four,  becaufe 
of  the  thicknefs  of  four  glaffes  and  eight  furfaces, 
which  have  always  too  many  inequalities  and 
faults. 

Neverthelefs  I  think  we  have  been  a  great 
while  without  making  ufe  of  the  telefcopes  with 
two  convex  glaffes  -,  and  I  do  not  believe  that 
this  was  before  the  invention  of  micrometers, 
where  we  have  feen  that  they  are  ufeful  becaufe 
of  the  common  focus  of  thefe  two  glaffes,  where 
the  final  left  objeft  appears  very  diftinftly. 
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I  do  not  at  all  depend  upon  what  J.  B.  Porta 
fays  in  his  natural  magick ,  where  lome  have  be¬ 
lieved  that  he  had  found  out  the  invention  of  tele¬ 
fcopes,  which  Kej  ler  obferves  in  his  dioptricks, 
but  he  does  not  feem  to  be  of  that  opinion  ;  and 
befides  there  is  great  probability  that  this  would 
have  been  very  publick,  for  Porta  fays  that  he 
had  communicated  his  invention  to  feveral  of  his 
friends,  who  had  their  fights  too  weak  or  fhort, 
and  found  benefit  by  it,  for  his  own  words  feem 
to  prove  the  contrary  •,  Si  utrumque ,  fays  he,  in 
fpeaking  of  convex  and  conca  ve  glafles,  refte  com - 
porter  e  n  over  is  fc?  longirtqua  proxima  clara  vi- 
debis .  Now  it  is  certain  that  telefcopes  do  not 
make  us  fee  diftindtly  the  objedh  that  are  near  us, 
as  the  reading  of  a  book,  but  I  believe  rather  he 
means  only  that  we  fhould  apply  the  convex  glals 
againft  the  concave,  to  take  from  one  the  too 
great  convexity  or  concavity,  with  regard  to  the 
nature  of  the  eyes,  which  ftand  in  need  of  it.  And 
befides  this  book  had  been  printed  by  Plantin  in 
1561,  and  reprinted  at  Naples  in  1580  *,  and  it  is 
not  very  probable  that  an  invention  fo  ufeful  and 
fo  well  known  as  that  of  telefcopes  might  be, 
would  have  been  negledted  and  buried  in  oblivion 
for  near  50  years,  till  the  difcovery  was  made  of 
them  in  Holland . 

V.  Obfervations  on  the  Jbeil  fijlo  called  pinna 
marina,  or  mother  of  pearl,  on  occajion  of 
'which  the  formation  of  pearls  is  explained ; 
by  M.  de  Reaumur  *.  Jranfated  by  Mr . 
Chambers. 

In  a  former  memoir  I  have  defcribed  fome  of 
thofe  artful  means  whereby  fhell  fifhes,  and  other 

1 
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fea  animals,  are  taught  by  nature  to  fix  themfelvea 
againft  the  waves,  and  prevent  their  being  toft  at 
random  thereby  ;  and  I  infifted  particularly  on 
mufcles,  which  are  fixed  at  anchor  by  a  confidera- 
ble  number  of  threads,  which  may  be  confidered 
as  fo  many  cables,  the  method  of  fpinning  which 
was  laid  down  at  large.  Thefe  fpinfters  of  threads, 
ufelefs  as  to  our  purpofe,  I  only  confidered  as  fea 
caterpillars,  but  obferved  at  the  fame  time,  that  if 
the  earth  have  its  filk- worms,  the  fea  has  its  filk- 
fifhes;  and  that  the  fhell  fifh  called  by  natural ifts 
pinna  marina ,  and  on  the  coafts  of  Italy  and 
Provence  mother  of  pearl,  fixes  itfelf  like  the 
mufcle  by  a  kind  of  filken  threads,  which  were 
manufactured  by  the  antients,  and  are  employed 
in  certain  works  to  this  day.  I  added,  that  it  was 
probable  thefe  threads  were  fpun  like  thofe  of 
mufcles,  but  that  I  could  not  aflert  it,  as  not 
having  been  within  the  reach  of  the  feas  where 
this  animal  is  found  :  and  though  I  have  conti¬ 
nued  at  the  fame  diftance  from  thofe  feas,  yet 
I  have  lately  had  an  opportunity  to  obferve  the 
pinna  marina  by  means  of  his  highnefs  the  duke  of 
Orleans ,  whofe  protection  of  the  fciences  brings 
us  all  objects  to  our  hands.  The  pinna  marina 
being  fifhed  near  Toulon,  that  prince  was  pleafed 
to  fend  a  paper,  wherein  we  requefted  fome  of 
thele  fifties,  and  noted  the  precautions  we  would 
have  them  lent  withal,  to  JN A.Hocquart  intendant  of 
Toulon ,  which  he  performed  according,  fending 
fome  in  brandy  and  others  in  water,  impregnated 
with  as  much  fait  as  it  would  bear. 

Th t pinna  marina  may  be  confidered  as  a  kind 
of  fea  mufcle,  only  much  larger  than  any  of  the 
reft  ;  fome  of  thofe  brought  us  from  Toulon  being 
two  feet  and  feveral  inches  long,  their  fhell  like 
that  of  other  mufcles,  confifts  of  two  fimilar  and 
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equal  pieces  *,  which  from  the  vertex  -f*  of  the 
fhell  widen  infenfibly  till  within  a  third  of  their 
length  ||  ;  from  whence  they  begin  to  contrail, 
but  more  abruptly,  fo  as  to  form  a  curvity  re- 
fembling  a  femi-oval,  whofe  lefler  axis  is  in  the 
place  where  the  greated  breadth  was  fixed,  this 
greated  breadth  being  about  two  fifths  of  its 
length  *,  they  are  much  flatter  than  the  other 
muTcles  proportionably  to  their  flze,  the  larged 
not  measuring  above  four  inches  in  the  thicked 
part,  and  being  at  lead  half  an  inch  thick  at  the 
vertex  **,  where  they  are  about  the  fame  breadth 
as  thicknefs,  and  do  not  form  fo  fenfible  a  heel 
as  the  other  mufcles ;  all  we  perceive  is  a  little 
convexity  on  one  fide^fd;  and  the  little  conca¬ 
vity  mi  on  the  other;  but  thefe  fides  grow  flraiter 
as  they  approach  the  vertex . 

In  mod  of  the  pinna  marina  I  have  found  the 
fpringy  ligament,  which  keeps  the  two  pieces 
together  on  the  concave  fide  ;  it  arifes  in  the  ver¬ 
tex  of  the  fhell,  and  proceeds  almod  to  the  place 
where  it  ceafes  to  fpread  ;  the  two  pieces  are  not 
bound  together  on  the  other  fide,  but  are  bor¬ 
dered  with  feveral  layers  of  horny  matter,  like 
that  whereof  the  fpringy  ligament  is  formed ; 
whereas  the  fhells  of  other  mufcles,  on  the  con¬ 
trary,  are  fadened  together  on  the  fide  of  the 
heel,  or  convex  fide  ;  and  I  have  even  known 
fome  pinna  marina  which  opened  on  the  fame 
fide,  and  had  their  ligament  on  the  other.  It  is 
fomewhat  extraordinary  to  find  fuch  a  variety  in 
fhell  fifties  of  the  fame  fpecies  ;  but  what  there  is 
in  common  to  them  all,  is  that  the  edges  of  the 

*  Plate  V.  Fig.  1  and  4.  f  Fig.  1.  A.  Fig.  4.  N.  Nj 
||  Fig.  1.  E.  D.  **  Fig.  1.  A.  ft  Fig-  *•  C.  H.  D 
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fhell  are  thicker  on  the  fide  where  it  opens,  than 
on  that  where  it  is  f aliened. 

We  have  this  further  remarkable  in  the  (hells 
of  the  'pinna  marina ,  that  upon  viewing  the  iur^ 
face  of  either  piece,  which  was  touched  by  the  ani¬ 
mal,  there  appears  a  band  or  fafcia  of  a  lubftance 
like  that  of  the  ligament*}*,  which  arifes  in  the  ver - 
tex^  and  proceeds  about  half  way  of  the  length  of  each 
piece,  dividing  the  breadth  thereof  into  two  parts, 
whereof  that  on  the  convex  fide,  or  which  the  fhell 
opens  at,  is  fomewhat  narrower  than  the  other. 

This  matter  in  fome  places  penetrates  pretty  deep 
into  the  thicknefsof  the  (hell.  It  looks  as  it  there 
had  been  a  fracture  in  each  piece  which  had  been 
filled  up  by  this  fubftance,  and  that  the  parts  fe- 
parated  by  fuch  fradture  had  been  butclumfily  ap¬ 
plied  one  to  the  other  ;  for  on  the  infide  they  make 
an  obtufe  angle,  and  want  the  roundnels  obier- 
vable  on  their  outfide.  This  kind  of  frabture  is 
likewife  found  on  the  external  lurface  of  fome 
fhells,  and  may  be  feen  in  AG.  fig.  1  As  all 
fhells  have  it  at  lead  on  their  inner  lurface,  there 
is  no  room  to  fuppofe  that  they  had  been  really 
broke  in  this  place  ^  but  it  is  more  natural  to  con¬ 
clude  that  this  fafcia  of  matter,  different  from  the 
reft,  marks  the  limits  of  a  part  of  the  body  of  the 
animal,  which  yields  a  juice  like  that  wherewith 
the  extremities  of  the  fhells  are  lined,  while  the  o- 
ther  parts  yield  a  juice  proper  to  thicken  and  ex¬ 
tend  the  fhell. 

But  what  is  moft  remarkable  in  a  (hell  of  this 
fifh  is  the  difference  of  matter  between  the  two  fir  a- 
ta  whereof  it  is  compofed.  Part  of  the  infide*  is 
of  the  colour  of  mother  of  pearl,  extending  from 
the  vertex  to  upwards  of  half  its  length,  and 
growing  thinner  and  thinner  as  it  approaches  that 
f  Fig.  1.  R.  S.  •Fig.4VQ9&.  . 
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limit ;  ending  at  laft  no  thicker  than  paper.  The 
other  layer  or  ftratum  ferves  only  as  a  cruft  to  this, 
and  forms  the  whole  thicknefs  of  the  Shell,  where 
the  former  is  wantingj".  It  is  rough  on  the  out- 
fide,  and  its  colour  darkened  by  the  mud  adhere- 
ing  to  it,  but  on  the  infide  it  is  fmooth,  and  of  a 
pale  red  colour,  which  is  the  lefs  fenfible  by  rea- 
fon  of  its  thinnefs  and  tranfparency.  The  texture 
of  this  layer  is  fomething  fmgular,  being  formed 
of  a  multitude  of  threads  laid  clofe  to  each  other, 
whofe  length  is  the  thicknefs  of  the  layer,  and  con¬ 
sequently  their  direction  almoft  perpendicular  to  the 
plain  of  the  fhell.  Thefe  threads  are  {lender,  and 
yet  may  be  difcerned  with  the  naked  eye,  but  with 
the  microfcope  they  are  difcovered  to  be  fo  many 
little  rectangular  parallelipipeds  with  bafes  nearly 
Square  ;  and  what  furprifes  moft  is  that  in  fome 
parts  of  the  fhell  they  Scarce  adhere  together,  fo 
that  pulling  off  a  piece  of  the  cruft,  it  covers  the 
mother  of  pearl  towards  the  vertex ||,  which  may 
be  eafily  done,  and  rubbing  it  between  the  fingers 
the  threads  crumble  and  Separate  from  each  other. 
But  in  making  this  experiment,  it  may  be  proper 
not  to  Spread  thefe  ends  of  threads  too  much  upon 
the  hand,  for  want  of  which  precaution  I  have 
Sometimes  occafioned  very  troublefome  itchings 
between  my  fingers,  and  on  the  palm  of  my  hand, 
thefe  threads  being  almoft  as  fine  as  thofe  covering 
the  pods  of  a  kind  of  peas,  vulgarly  called  fcratch 
peas,  or  loufy  peas,  excite  the  like  itchings  as  they 
do,  but  lomewhat  lefs  pungent,  by  realon  being 
a  little  coarfer  they  do  not  pierce  the  fkinfo 
deep. 

If  a  piece  of  the  fame  layer  be  taken  towards 
the  other  end  of  the  fhell,  the  threads  it  is  compo¬ 
sed  of,  though,  equally  vifible  with  the  former, 

+  Fig.  4,  TTT.  U  Fig,  1 .  KK. 
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do  not  feparate  fo  eafily,  for  the  layers  next  the 
vertex  are  the  oldeft,  and  as  they  grow  old,  they 
putrify  as  it  were,  and  hence  it  is  that  the  parts 
they  are  compofed  of  tear  afunder  by  a  (lender 
rubbing.  Accordingly  it  is  frequent  to  find  the 
mother  of  pearl  bare  about  this  part,  the  cruft  it 
was  covered  with  being  mouldered  awayjj. 

That  part  of  the  fhell  which  has  the  mother  of 
pearl  colour,  confifts  of  thin  leaves  laid  parallelly 
one  over  another,  fo  as  the  thicknefs  of  the  (hell  is 
formed  by  that  of  the  leaves,  they  are  eafily  fepa- 
rated  from  each  other,  by  only  calcining  them  a 
moment  ;  the  ftrudlure  therefore  of  this  part  of  the 
fhell  refembles  that  of  (late  and  other  foliated 
ftones,  while  that  of  the  other  part  refembles  the 
ftru<fture  of  amianthus  and  certain  fibrous  talcs, &c. 
Yet  I  have  obferved  layers  or  leaves  in  the  fibrous 
part  much  like  what  are  found  in  the  other,  and 
this  even  after  calcination,  in  which  cafe  each  thread 
or  little  parallelipipedwas  found  to  confift  of  feveral 
fuch  parallellipipeds  placed  end  to  end. 

I  have  fince  examined  whether  this  ftrudture  of 
a  J iratum,  of  threads  covering  another  of  nacre  co¬ 
lour  might  not  be  common  to  feveral  other  kinds 
of  fhells,  and  have  found  it  in  the  true  nacre  (hell 
in  thofe  called  mothers  of  pearls,  and  feveral  other 
kinds  of  fhell  fifties,  but  by  reafon  the  threads 
there  are  flenderer  and  adhere  clofer  together,  it 
had  not  been  eafy  to  difcover  as  much,  unlefs  the 
'pinna  marina  had  firft  pointed  them  out. 

It  is  more  eafy  to  account  for  the  formation  of 
thefe  ftony  threads,  and  their  regular  figure,  and 
uniform  arrangement,  then  for  the  formation  of 
ftones  of  a  like  ft  rupture  *,  here  we  have  organs  for 
the  ftony  juice  to  be  moulded  in,  and  may  con¬ 
ceive  orifices  of  vefiels  to  let  it  drop  from  all  of 

1|  Fig.  1.  KK. 
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them,  difpoled  orderly,  andeachofa  redtangular 
figure,  which  juice  may  be  luppofed  to  retain  the 
figure  it  had  here  affumed,  whereas  that  which 
forms  the  nacre  being  more  fluid,  does  not  retain 
the  figure  of  the  orifice  it  palled  through,  though 
it  is  not  impoflible  but  that  thefe  threads  or  little 
parallelipipeds  might  have  been  fafhioned  ere  the 
juice  iflued  from  the  body  of  the  animal,  as  will 
appear  from  an  obfervation  to  be  made  hereafter. 

Authors  who  fpeak  of  this  fhell  iifh,  inform  us 
that  its  fuuation  in  the  fea  is  vertical,  viz.  with  r  he 
point  or  vertex  downwards ;  but  it  is  from  the 
fifhermen  doubtlefs  they  took  the  account,  which 
it  is  not  very  eafy  either  to  prove  or  dilprove  ; 
Jefs  doubt  is  to  be  made  as  to  the  other  point  af¬ 
firmed  by  the  fame  fifhermen,  viz.  that  the  pin- 
n<£  are  always  faftened  to  rocks,  or  neighbouring 
flones  by  a  bunch  of  threads*,  which  is  always  to 
be  broke  in  order  to  get  the  animal  up. 

They  fifh  for  them  at  ! Toulon  at  fifteen,  twenty, 
or  thirty  feet  depth  of  water,  with  an  inftrument 
called  a  cramp-f.  It  is  a  kind  of  iron  fork, 
whofe  grains  or  forks  a  a  are  perpendicular  to  the 
fhaft  dd,  and  about  eight  inches  long  and  fix  a- 
funder,  in  the  wideft  part  ;  the  length  of  the  fhafe 
being  proportioned  to  the  depth  they  are  to  fifh  at. 
With  this  inftrument  they  lay  hold  on  th z  pinna y 
tear  them  loofc,  and  bring  them  up. 

The  lock  of  filk  or  thread  proceeds  immediately 
from  the  body  of  the  animal,  ifluing  from  the 
fhell  at  the  fide,  whereby  it  opens  four  or  five 
inches  difiance  from  the  vertex ,  in  thofe  of  the 
larger  fize-f']'.. 

This  filk  ferves  to  detain  th c  pinna,  and  prevent 
its  driving  with  the  water,  but  cannot  hinder  its 
being  thrown  down  and  overturned,  nor  keep  it 
*  Fig*  *•  IH.  f  Fig.  3.  ff  Fig  H, 
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in  the  fuppofed  vertical  fituation,  fo  that  it  is  pro¬ 
bable  the  Ihell  is  fometimes  inclined  to  the  horizon, 
and  fometimes  lies  flat  like  the  mufcles  and  other 
Ihell  fifhes,  which  do  not  bury  themfelves  in  the 
mud.  It  cannot  be  warranted  that  they  have  fuch 
threads  all  along  them,  but  I  have  known  fome 
which  extended  feven  or  eight  inches,  and  weighed 
three  ounces ;  thefe  threads  are  of  a  brown  colour 
and  extremely  fine,  being  ufually  fo  entangled 
that  it  is  not  eafy  to  get  their  whole  length. 

The  mechanifm  whereby  thefe  threads  are  form¬ 
ed,  was  the  chief  object  of  my  enquiry,  my  firfl: 
view  being  to  afcertain  whether  they  are  fpun  by 
the  pinna  marina  as  mufcles  fpln  theirs.  This 
point  I  have  no  room  now  to  doubt  of,  if  we  may 
conclude  that  fimilar  parts  placed  after  the  fame 
manner  ferve  in  different  animals  for  the  fame  ufe. 
There  is  a  part  in  the  prefent  fifh,  like  what  we 
have  called  the  wier  drawing  inftrument  in  the  muf- 
cle,  and  fituate  in  the  fame  place*.  All  the  dif¬ 
ference  between  the  parts  of  the  two  animals  being 
only  what  the  difference  of  their  effects  require. 
The  pinnae  marine  need  much  longer  and  flenderer 
threads,  and  their  fpinning  inftruments  are  long¬ 
er  and  flenderer.  Accordingly  in  fpeaking  of  that 
of  the  mufcles,  we  obferved  that  when  the  animal 
is  dead,  or  in  a  ftate  of  inaction,  it  is  not  above 
half  an  inch  long,  whereas  in  the  time  of  adtion  it 
extends  to  upwards  of  two  inches  long,  confequent- 
ly  that  of  the  pinna?  marine,  which  when  the 
animal  is  dead  is  fometimes  upwards  of  two  inches 
long,  is  only  extended  at  the  fame  rate,  as  that  of 
the  mufcles,  when  it  meafures  fix  or  feven  inches 
which  is  the  length  of  its  longeft  threads  ;  for  the 
fpinning  inftrument  here  nnift  always  be  the  fame 
length  as  the  thread  fpun,  the  cafe  being  quite  al- 
*  Fig.  4.  Y. 
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tcred  from  the  method  of  the  wier-drawers,  or 
even  of  caterpillars  and  filk  worms,  for  that  has 
been  already  obferved,  the  prefent  inftrument  is 
only  a  mould  wherein  a  vifcid  juice  takes  the  fi¬ 
gure  and  confidence  of  a  thread, and  that  this  mould 
opens  its  whole  length  on  one  fide  to  let  the  thread 
out  it  has  formed.  This  cleft  or  aperture  of  the 
pinna ,  for  the  di  (charge  of  its  thread  is  perfe&ly 
like  that  of  the  mulcles,  only  narrower  and  lefs 
deep  ;  in  fine,  the  threads  have  their  origin  near 
that  of  the  lpinning  inftrument,  and  are  lodged 
in  a  kind  of  membranous  bag  of  a  conical  figuref* 
in  the  pinna,  as  well  as  in  the  mufcles. 

But  nature  who  makes  no  refemblance  fo  perfedl 
as  not  to  mix  fome  diverfity  therewith,  has  given 
the  pinna  marina  certain  parts  which  are  peculiar 
to  them.  In  this  membranous  bag,  from  whence 
the  threads  proceed,  there  are  five  fiefhy  leaves*, 
fhaped  fomewhat  like  femi-ovals,  and  having 
their  length  in  the  fame  dire&ion  as  that  of  the  (hell, 
between  thefe  are  four  others  of  the  like  figure, 
but  much  fmaller  ft,  which  feem  of  a  cartilagi¬ 
nous  nature,  but  when  clofely  examined  are  found 
a  kind  of  plexus  of  threads  not  much  interwoven, 
but  fo  well  applied  againft  each  other,  as  to  form 
a  fmooth  continuous  body.  About  the  middle  of 
the  leaf  is  a  place  thicker  than  the  reft,  which  ap¬ 
pears  wavy  or  curled  as  it  were,  being  formed  of 
threads  bent  as  in  **  r  s,  and  clofer  to  each  other 
than  elfewhere  ;  thefe  latter  or  filky  leaves  feparate 
the  former  fie'ihy  ones,  and  from  them  proceed  all 
the  threads  which  fallen  the  pinna  marina ,  and 
form  its  plume  or  tuft,  or  rather  the  plume  confifts 
of  the  fame  threads  as  the  leaves  only  prolonged, 
and  parted  from  each  other  fome  of  them  quit 

•f*  Fig.  4-  Z.  *  Fig.  5.  11,  kk,  L. 
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the  leaf  on  various  pares  of  its  edge,  but  the  ge¬ 
nerality  attend  it  to  the  end  next  the  rife  of  thefpin- 
ning  inftrument.  Moft  of  thefe  laft  arife  from  that 
part  of  the  leaf  already  obferved  to  be  thicker  than 
the  reft,  the  threads  proceeding  from  all  the  four 
leaves  meet  towards  the  origin  of  the  fpinning  in- 
ftrument,  as  much  as  fuffices  to  form  a  packet  or 
begin  a  plume*.  The  pinna  marina  has  fuch  a 
prodigous  ftock  of  threads,  that  it  could  not  well 
have  contained  a  trunk  big  enough  for  them  all 
to  be  fattened  to,  whence  they  are  more  commo- 
dioufly  fattened  to  thefe  flat  leaves.  The  flethy 
leaves  which  feparate  the  filky  ones,  have  proba¬ 
bly  other  ufes,  and  may  ferve  to  do  the  office  of 
lips,  to  apply  and  fatten  the  end  of  a  new  formed 
thread  to  a  leaf. 

The  other  internal  parts  of  the  pinna  marina , 
are  much  like  thofe  of  the  mufcle,  they  are  fatten¬ 
ed  like  them  to  their  fhells  by  two  ftrong  mufcles, 
one  of  them  near  the  vertex f ,  and  the  other  about 
the  middle  of  its  length  towards  where  the  nacre 
ends  **,  for  it  is  only  the  part  thereabout,  be¬ 
tween  thefe  two  mufcles  that  produces  it.  Near 
the  fecond,  or  largeft  of  thefe  mufcles,  is  the  anus 
X  fituate,  and  the  mouthff  near  the  firft,  being 
clofed  by  a  femi-oval  lip,  which  the  fea  mufcle  has 
nothing  of.  But  to  enter  into  a  larger  detail  of 
the  internal  parts  of  this  fhell-fifti  would  require 
frefhones,  and  that  in  large  numbers  tofupply  re¬ 
iterated  diftedlions, which  it  were  to  be  wifhedfomc 
able  anatomifts  would  take  in  hand,  this  being 
the  largeft  of  all  the  two  leaved  or  bivalvous  fhell 
fifhes  in  our  feas,  would  be  moft  commodious  for 
difle&ion,  and  perhaps  the  fitted  to  give  an  in¬ 
fight  into  the  ftrufture  of  the  animals  of  this  clafs ; 

*  6.  f  Fig  4.  V. 
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befides  that,  it  appears  the  mod  proper  to  let  us 
into  the  mydery  of  the  formation  of  pearls.  They 
produce  dore  hereof*,  which  are  of  different  co¬ 
lours,  reddifh,  blackifh,  yellowifh,  and  tranfpa- 
rent  as  amber,  all  of  them  indeed  fhort  of  the 
water  of  the  Indian  pearls,  though  the  livid  or 
lead  coloured  ones  come  the  neared.  The  pub- 
lick  has  fixed  no  value  upon  thefe  pearls,  and  yet 
to  a  naturalid  they  are  infinitely  more  valuable 
than  the  pearls  of  any  oriental  cyders,  as  exhibi¬ 
ting  fome  particularities  which  relate  to  the  for¬ 
mation  of  pearls  in  general,  not  to  be  met  withal 
in  the  others. 

I  fhall  not  relate  all  the  fables  the  antients  have 
left  us  upon  the  origin  of  pearls  ;  phyfiology  is 
too  far  advanced  to  need  a  proof  that  they  are  not 
produced  by  the  dew  of  heaven,  notwithdanding 
what  fo  many  grave  authors  have  pofitively  af- 
ferted.  Nor  does  the  opinion  of  thofe  who  take 
them  for  the  eggs  of  the  animals  they  are  found 
in,  deferve  much  more  attention.  M.  Geojffroy 
the  younger,  ranges  them  among  bezoards,  as 
putting  under  that  clafs  all  dones  formed  of ftrata 
generated  in  animals.  Withal  we  may  affirm 
that  they  are  only  to  be  regarded  as  the  other 
dones  formed  in  animals,  viz  in  the  bladder,  kid¬ 
neys,  &c.  and  are  evidently  like  them,  the  effedt 
of  a  difeafe  in  the  fiffi :  ’tis  no  wonder  that  an 
animal  which  has  a  dony  juice  circulating  in  its 
veffels  fufficient  to  build,  thicken,  and  extend  a 
fhell,  ffiould  have  enough  to  form  fuch  dones  in 
cafe  the  juice  dedined  for  the  growth  of  the  fhell 
happen  to  be  extravafated,and  be  poured  into  any 
cavity  of  the  body,  or  between  its  membranes. 

This  done  is  called  a  pearl  when  the  extrava- 
fated  juice  it  is  formed  of  proves  of  a  diver  co- 
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lour  or  water,  approaching  that  of  nacre  ;  and 
fuch  muft  its  colour  be  in  oyfters,  mufcles,  and 
other  fifties,  whofe  fhell  itfelf  is  the  colour  of 
nacre  ;  the  beauty  of  the  water  of  the  pearl  may 
even  furpafs  that  of  the  nacre  of  the  fhell,  though 
both  formed  of  the  fame  matter  *,  that  of  the  one 
being  carried  to  the  outfide  of  the  body  of  the 
animal,  where  it  is  frequently  in  con  tad  with 
muddy  waters,  which  alter  its  colour  ;  whereas 
the  matter  of  the  other,  being  received  within 
membranes,  is  proteded  thereby. 

Accordingly  I  have  always  been  of  opinion, 
that  no  other  matter  need  be  fought  for  the  for¬ 
mation  of  pearls,  than  that  which  forms  the  nacre 
of  the  fhell,  but  I  have  now  fomething  more  than 
probability  for  my  opinion,  the  pinna  marina 
having  furnifhed  me  with  fome  obfervations 
which  give  it  an  air  of  certainty. — We  have  al¬ 
ready  obferved,  that  they  are  found  of  different 
colours,  but  there  are  chiefly  two,  the  one  whofe 
fhades  approach  the  nacre  colour,  and  the  other  a 
reddifh  colour.  It  has  been  likewife  obferved, 
that  the  fhell  conflfts  of  two  ftrata  of  different 
colours,  the  one  reddifh,  and  the  other  nacre  co¬ 
loured,  which  of  itfelf  indicates  that  there  are 
(tony  juices  in  the  fhell,  of  the  proper  tin&ures 
to  furnifn  the  two  principal  kinds  of  pearls.  If 
the  veftels,  which  convey  the  juice  deftined  to 
form  the  nacre  part,  happen  to  burft,  they  will 
form  a  pearl  of  a  nacre  colour.  On  the  contrary, 
if  thofe  veffels  burft  which  contain  the  juice, 
whereof  the  other  part  of  the  fhell  is  formed,  the 
extravafated  juice  will  form  a  reddifh  or  amber- 
water  pearl,  according  to  the  colour  of  the  fhell 
it  would  have  formed. 

We  have  alio  obferved,  that  a  part  of  the  fhell 
from  the  vertex  as  far  as  the  fecond  mufcle,  has  a 
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layer  or  ftratum  of  nacre ,  which  the  reft  of  the 
fhell  is  without  *,  whence  it  follows,  according  to 
what  has  already  been  ffiewn  elfewhere  of  the  ori¬ 
gin  and  growth  of  fhells,  that  thofe  parts  of  the 
body  of  the  animal  which  are  contiguous  to  the 
ftrft  part  of  the  fhell,  furniffi  a  nacre  coloured 
juice  ;  and  thofe  on  the  contrary,  contiguous  to 
the  reft,  a  reddifh  juice  like  the  fhell  formed  of 
it. 

There  are  both  pearls  found  in  thofe  parts  of 
the  body  of  the  pinna  marina ,  which  correfpond 
to  the  places  where  the  fhell  is  white,  and  in  the 
parts  correfponding  to  the  places  where  it  is  red¬ 
difh  ;  but  an  oblervation  I  have  made  which 
feems  to  decide  the  difficulty,  whether  pearls  be 
formed  of  the  fame  juice  with  the  fhell,  is  that 
the  pearls  I  have  met  withal  in  thofe  parts  of  the 
fifh  which  form  the  fhell  of  a  reddifh  colour 
were  reddifh  coloured  themfelves,  and  thofe  found 
in  the  parts  of  the  fiffi  where  the  fhell  was  of  a 
nacre  colour  -f,  were  nacre  coloured  themfelves. 

There  is  no  part  of  the  animal  where  I  have 
found  more  of  them,  than  in  that  mufcular  part 
indented  like  a  cock’s  comb,  which  borders  the 
end  of  the  fhell  and  part  of  its  circumference  ||.  It 
is  this  part  that  extends  the  fhell,  and  of  confe¬ 
rence  forms  the  upper  layer,  which  is  always 
reddifh  *,  and  accordingly  the  pearls  I  have  found 
therein,  have  always  been  reddifh.  Thofe  pearls, 
-on  the  contrary,  which  I  have  found  in  the  parts 
near  the  origin  of  the  fpinning  inftrument  J,  were 
always  of  a  nacre  colour,  by  reafon  the  veffels 
which  fupply  the  nacre  are  hereabouts. 

I  would  not  however  undertake  that  there  are 
no  reddiffi  pearls  formed  about  the  parts  fartheft 
from  the  edges,  or  even  nacre  coloured  pearls 

*  Fig.  4.  zzzz.  f  yyy.  ||  zzz.  pyz. 
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near  the  edges;  the  veffels  which  convey  the 
ftony  juice  to  the  edges  of  the  fhell,  have  proba¬ 
bly  their  origin  further  off,  where  they  may 
chance  to  be  burft,  and  fo  the  veffels  which  fur- 
nifh  the  nacre  colour  juice  may  pafs  near  the 
edges,  and  perhaps  make  a  number  of  circumvo¬ 
lutions  thereon.  This  at  leafb  is  certain,  that  the 
veffels  of  each  kind  are  moll  numerous,  largeft, 
and  fullell  of  juice,  in  thofe  places  where  they 
contribute  to  the  growth  of  the  fhell,  and  of  con- 
fequence  ruptures  and  other  accidents  tending  to 
extravafate  their  juice,  ofteneft  happen  here. 

There  are  alfo  blackifh  or  dufky  coloured 
pearls  found  in  the  pinna  marina ,  but  thefe  are 
opaque,  whereas  the  amber  coloured  ones  are 
transparent.  They  are  all  however  formed  of  the 
fame  matter,  which  in  the  black  has  been  fince 
darkened  by  the  mixture  of  fome  other  juice,  the 
animal  having  juices  proper  for  that  end.  But 
even  the  black  pearls,  when  broke  in  very  fmall 
pieces  to  render  them  tranfparent,  become  like- 
wife  of  a  colour  like  that  of  yellow  or  reddifli 
pearl,  it  being  their  thicknefs  that  gives  them 
the  greateft  part  both  of  their  opacity  and  dark 
colour.  There  are  alfo  places  where  the  colour 
of  the  fhell  is  dulkier  and  more  opaque  than  elfe- 
where,  approaching  near  to  that  of  the  pearls  juft 
mentioned. 

Befides  the  difference  of  colour  obferved  in  the 
two  Jtrata  of  the  fhell,  we  have  noted  another 
more  remarkable  one,  viz.  A  diverfny  of  texture, 
the  nacre ,  confiding  of  lamina  or  leaves  laid  one 
over  another,  and  the  reddifli  part  of  threads  laid 
cne  againft  another,  to  determine  finally  whether 
the  filvered  pearls  be  formed  of  the  fame  juice 
with  the  nacre ,  and  the  amber  coloured  ones  of 
the  fame  juice  with  the  reddifh  part  of  the  fhell, 

Mm2  all 


268  The  History  and  Memoirs  of  the 

all  that  feems  required,  is  to  difcover  whether  the 
fame  diverfity  of  texture  fubfift  between  the  diffe¬ 
rent  coloured  pearls,  as  between  the  different  co¬ 
loured  parts  of  the  fhell.  Accordingly  I  have 
broke  feveral  of  each  kind,  and  have  always 
found  the  filvered  pearls  formed  of  concentric 
firata ,  inverting  each  other  like  the  fkins  of  an 
onion  *,  which  is  an  obfervacion  far  from  being 
new.  At  the  fame  time  I  have  obferved,  that 
the  reddifh  pearls  have  likewife  concentric ftratay 
though  not  fo  vifible  as  the  former  :  but  befide 
this,  they  have  alfo  threads  like  thofe  of  the  red¬ 
difh  fhell,  which  were  directed  like  fo  many  radii 
from  the  centre  towards  the  circumference  "f;  fo 
that  we  have  the  fame  varieties  of  colour,  and  the 
fame  varieties  of  ftrudture  between  the  two  fpecies 
of  ft  rat  a ,  and  the  tw’O  fpecies  of  pearls ;  can 
there  any  doubt  then  remain,  whether  the  ftrata 
or  the  fhell  and  the  pearls,  which  bear  fo  near  a 
refemblance,  were  not  formed  of  the  fame  mat¬ 
ter. 

I  have^  fee n  fome  of  thefe  pearls  half  whofe 
furface  was  nacre  coloured,  and  the  other  half 
blackifh  *  thefe  had  been  generated  in  the  conflux 
of  two  differently  coloured  veffels,  but  there  was 
only  a  thin  layer  of  each  of  the  two  colours,  the 
reft  being  of  one  uniform  colour. 

When  the  veffels  burft  on  the  external  furface  of 
the  body  of  the  animal,  or  by  being  too  much 
dirtended  let  their  rtony  juice  ooze  our,  the  mat¬ 
ter  coming  to  fix  and  harden,  forms  a  kind  of 
knob,  called  a  wen  of  pearl  when  found  in  the  fhell 
of  a  mother  of  pearl.  The  like  knobs  are  alio 
found  in  the  fhells  of  the  pinna  marina ,  and  thefe 
both  of  a  reddifh  and  a  nacre  colour  :  thofe  in  the 
fhells  of  the  true  mother  of  pearl  are  fometimes  fo 
*  fig-  to.  f  Fig.  1 2. 
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like  pearls  in  their  water,  that  there  is  no  diflin- 
guifhing  the  one  from  the  other.  Accordingly 
when  the  jewellers  find  any  of  thefe  wens  hemi- 
fpherical,  they  faw  them  off,  and  cementing  two 
of  the  fame  fize  together,  compofe  one  pearl. 

Nothing  is  more  variable  than  the  number  of 
pearls  in  thefe  fhell  fifhes,  there  being  fom t  pinna 
marina  where  I  have  found  none,  and  yet  have 
known  upwards  of  twenty  in  others ;  nor  are  we 
allured  that  the  pinna  marina  have  the  like  num¬ 
ber  of  pearls  every  where  as  they  have  on  the  coaft 
of  Provence .  As  the  air  and  food  of  certain 
countries  render  the  inhabitants  fubjedl  to  certain 
difeafes,  fo  the  waters  of  feas  and  rivers,  which  the 
fifhes  refpire,  and  wherewith  they  are  partly  fed, 
do  doubtlefs  occafion  them  feveral  diforders. 
Mufcles,  of  the  fame  fpecies3  have  pearls  in  fome 
rivers,  and  none  in  others.  Our  oyfters  would 
probably  be  much  more  valued,  if  the  water  of 
our  feas  were  as  unwholfome  to  them  as  that  about 
the  fhores  where  the  pearl  fifheries  are  to  the  oy- 
fters  that  live  in  them  :  for  whereas  pearls  are  rare 
in  our  oyflers,  they  would  then  probably  be  com¬ 
mon  when  thofe  fhell  fifhes  were  more  fubjedl  to 
the  flone. 

1  *  ♦ 

An  explanation  of  the  figures  in  plate  V.  tranfiated 

by  J.  M. 

Fig.  1.  The  fnell  of  a  pinna  marina ,  compo¬ 
fe  d  of  its  two  pieces. 

A  the  fummit  or  vertex  of  the  fhell.  BC  the 
breadth  at  the  vertex .  The  thicknefs  is  taken 
upon  a  line  perpendicular  to  that  which  fhould  be 
drawn  from  B  to  C,  and  crofs  the  two  pieces. 

CHD  the  convex  fide.  The  line  CD  fhews.  the 
place  where  the  fhell  opens.  Beyond  CD  isfeen  a 
little  part  of  the  fecond  piece  of  the  fhell. 


BE 
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BE  the  concave  fide,  where  the  hinge  or  liga¬ 
ment  of  the  fhell  is,  which  goes  to  E. 

F  the  extremity  of  the  fhell,  where  it  opens. 

H  the  place  out  of  which  the  tuft  proceeds. 

I  the  tuft  of  filk. 

GA  marks  the  line  which  divides  each  piece  of 
the  fhell  in  two. 

The  part  EFDG  is  almoft  all  of  a  reddifh  co¬ 
lour  ;  and  from  G  to  A  there  is  nacre . 

KKK  dilcover  the  nacre  \  the  cruft  or  reddifh 
Jlratum  compofed  of  threads  is  detached,  which 
happens  naturally. 

Fig.  2.  A  piece  of  the  cruft  compofed  of 
threads  drawn  by  a  magnifying  glafs.  L  the 
threads  drawn  feparately.  M  a  little  tuft  of  like 
threads. 

Fig.  3.  The  inftrument  with  which  they  fifli 
the  pinna  ;  a  a  its  forks ;  b  c  the  place  where  the 
iron  is  faftened  to  the  ftaff;  d  d  the  ftaff  j  e  e  the 
plane  of  the  fork. 

Fig.  4.  A  fhell  which  has  been  opened  by 
force.  The  animal  remains  almoft  entire  upon 
the  piece  of  the  fhell  NOO  ;  there  is  hardly  any 
upon  the  part  NPP.  QQQ  mark  that  part 
which  is  of  the  nacre  colour. 

R  f  is  the  band  of  matter  approaching  to  that 
of  the  fpring,  which  divides  each  piece  in  two. 

TTT  the  part  which  is  reddifh,  or  of  an  am¬ 
ber  colour. 

Near  N  are  feen  feveral  ft  rat  a  one  above  ano¬ 
ther  ;  they  are  lamina  of  a  matter  like  that  of  the 
fpring,  and  mark  the  different  places  which  the 
animal  has  fucceftively  abandoned. 

At  V  is  the  ligament  near  the  vertex, 

X  is  the  mouth. 

Y  the  fpinning  inftrument. 


Z 
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Z  the  membranous  bag,  which  covers  the 
fiefhy  lamina ,  and  the  cartilaginous  ones,  from 
which  the  threads,  that  form  the  tuft,  proceed. 

At  &c.  is  the  anus ;  we  fee  there  a  large  muf- 
cle,  which  faftens  the  fifh  to  the  two  pieces  of  the 
fhell. 

Fig.  5  and  6  reprefent  each  of  them  a  part  of 
the  cavity  Z  of  fig.  4.  Here  the  fides  which  con¬ 
tain  it  have  been  opened. 

f  g,  f  g,  are  the  two  fides  open. 

b  is  the  end  of  the  fpinning  inftrument  cut  at 
b. 

1 1,  k  k  L  are  five  fiefhy  or  mufcular  lamin a 
contained  in  this  cavity ;  here  the  filky  lamina 
are  removed,  which  ought  to  be  between  them. 

Fig.  6.  n  n,  o  o,  part  of  the  four  filky  lamina , 
which  here  are  in  place,  and  feparated  from  one 
another  by  the  fiefhy  lamina  ;  m  m  the  fides  of 
the  cavity  ;  p  the  end  of  the  fpinning  inftrument. 

Fig.  7.  is  a  part  of  a  filky  lamina  taken  to¬ 
ward  the  middle,  and  drawn  by  a  magnifying 
glafs ;  fr  marks  this  place  thicker  than  the  reft, 
where  the  threads  run  acrofs.  At  r  thefe  threads 
begin  to  feparate,  in  order  to  compofe  part  of  the 
tuft. 

Fig.  8.  fiiews  the  mouth  of  this  fifh  more  large 
than  in  Fig.  4.  t  the  mouth  ;  u  the  lip,  which 
commonly  covers  it,  and  has  been  railed  in  this 
figure  ;  x  a  pearl. 

Fig.  9.  is  a  pearl  of  a  nacre  colour. 

Fig.  10.  is  the  fe&ion  of  the  fame  pearl,  which 
fhews  the  difpofition  of  the  ftrata . 

Fig.  11.  is  one  of  the  brown  pearls  of  the 
'pinna. 

Fig.  12.  is  the  fame  pearl  broken,  to  fiiew  the 
direction  of  the  rays,  from  the  centre  toward  the 
circumference. 


Iu 
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In  Fig.  4.  zzzz  are  pearls  of  an  amber  or  red- 
difh  colour  ;  and  yy  pearls  of  a  nacre  colour. 

v  VI.  Remarks  upon  the  loadjlone ;  by  M, 

de  la  Hire  *. 

We  can  hardly  be  perfuaded  that  a  loadftone 
can  take  away  from  another  loadftone  that  is 
ftronger  than  it,  a  bit  of  iron  which  it  holds 
fulpended  *,  for  it  feems  that  the  virtue  of  the 
ftrongeft  muft  always  prevail  over  the  weakeft. 
But  we  cannot  doubt  of  the  experiment,  for  I 
have  made  it  carefully,  to  fee  if  what  M.  Rohault 
relates  in  his  phyficks  was  true.  He  calls  this 
experiment  a  fine  difficulty  ;  and  for  the  refolving 
it  haS  given  no  other  reafon,  but  that  the  iron 
touches  the  zveakeft  loadftone  in  more  parts  than  it 
touches  the  other .  It  muft  be  obferved  that  this 
experiment  does  not  always  fucceed,  as  M.  Ro¬ 
hault  alfo  fays ;  and  it  is  without  doubt  that  this 
has  given  him  room  to  conjedture,  that  this  only 
proceeds  from  the  different  touches  between  the 
iron  and  the  loadftone,  which  feems  very  proba¬ 
ble  •,  but  we  fhall  fee  in  the  end,  if  this  reafon 
may  be  generally  maintained,  and  from  whence 
thefe  differences  proceed. 

I  firft  obferve,  that  to  make  the  experiment  in 
queftion  exadt,  we  muft  not  fufpend  a  bit  of  iron 
to  a  loadftone,  fince  the  weight  of  the  iron  will 
always  tend  to  feparate  it  from  the  upper  load¬ 
ftone  :  for  this  reafon  it  is  better  to  place  the 
loadftone  fo  that  the  line  of  its  poles  may  be  ho¬ 
rizontal,  and  that  the  iron,  which  I  fuppofe  to 
be  a  little  rod,  which  fhall  be  applied  to  its 
ftrongeft  pole,  may  be  alfo  horizontal  in  its 
length,  and  placed  upon  a  polifhed  body,  as  of 
•  Dec.  11.  1717. 
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glafs,  that  it  may  be  able  to  flide  eafily,  as  may 
be  feen  in  the  figure  *  where  A  is  the  great  and 
ftrongefl  loadflone,  of  which  M  is  the  fouthern 
pole,  which  is  efteemed  the  moft  vigorous  in 
rhefe  countries,  and  againft  which  the  iron  rod  F 
is  applied,  the  loadflone  B  is  the  weakefl  ;  of 
which  the  northern  pole  f  is  applied  to  the  other 
end  of  the  rod  F *,  and  it  is  obferved  that  when 
we  draw  away  the  loadflone  B  from  the  loadflone 
A,  according  to  the  diredlion  of  its  poles,  fome- 
times  this  loadflone  B  draws  from  the  loadflone 
A  the  iron  rod  F,  and  carries  it  along  with  it, 
remaining  always  applied  to  its  pole  f;  and  fome- 
times  the  loadflone  B  parts  from  the  iron  rod, 
which  remains  joined  to  the  loadflone  A,  as  one 
would  think  fhould  always  happen. 

But  the  experiment  ufually  made  to  find  the 
diredtion  of  the  poles  of  a  loadflone,  which  is  to 
fprinkle  very  lightly  fome  fleel  filings  upon  a 
paper  placed  above  a  loadflone,  and  nearly  ac¬ 
cording  to  its  poles,  has  made  me  fufpedt  whe¬ 
ther  there  were  not  in  all  loadftones  fome  pores, 
through  which  the  magnetick  matter  diffufed  in 
the  air,  would  more  eafily  be  introduced  than  in 
others ;  for  we  always  obferve,  that  the  fmali 
grains  of  this  fleel  difpofe  themfelves  in  threads 
feparated  from  one  another,  and  never  otherwife, 
if  it  be  not  out  of  the  fphere  of  the  virtue  of  the 
ftone,  where  this  fleel  is  fprinkled  indifferently, 
and  without  any  regularity.  Therefore  in  a  load¬ 
flone  which  feems  to  have  but  little  force,  it  may 
however  have  pores  which  receive  more  rnagne- 
tick  matter,  and  confequentiy  may  have  a  greater 
effect  in  experiments  than  many  pores  of  a  greater 
and  flronger  loadflone :  and  if  it  was  fo,  it  would 
be  eafy  to  fee  why  a  weaker  loadflone  in  a  cer- 

*  Plate  VI.  Fig.  i. 

Vol.  V.  N  52.  N  n 
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tain  pofition  with  a  little  rod  of  iron,  fhould  hold 
it,  and  take  it  away  from  another  loadftone  that 
in  general  is  ftronger  *,  and  that  in  other  pofitions 
the  ftrongeft  loaditone  would  hold  the  iron  when 
the  weakeft  is  taken  away.  But  as  what  I  have 
laid  is  only  a  conjecture,  I  had  a  mind  to  fee 
whether  the  experiments  would  not  give  me  fome 
light  into  this  affair. 

For  this  purpofe  I  took  a  great  loadftone  which 
weighed  about  6  lb.  and  is  pretty  ftrong,  fince 
its  fphere  of  activity  is  fenfible  upon  the  needle 
of  a  compafs  at  the  diftance  of  fix  feet ;  this  load¬ 
ftone  is  quite  naked  and  unarmed  ;  it  is  a  little 
irregular,  except  toward  its  fouthern  pole,  which 
is  terminated  by  three  faces,  one  of  which  is 
much  greater  than  the  others ;  and  it  is  this  point 
which  has  always  ferved  for  touching  of  needles  ; 
and  as  I  have  always  thought  that  a  little  load¬ 
ftone,  which  does  not  feem  to  have  much  force 
in  comparing  it  to  another  which  makes  greater 
effects,  may  however  be  ftronger  in  fome  one  of 
its  parts,  I  took  a  little  bit  of  iron  an  inch  long, 
and  about  three  lines  in  thicknefs,  and  having 
touched  it  with  the  ftone,  I  imagined  that  this 
bit  of  iron  could  never  have  as  much  virtue  as  the 
ftone  that  had  touched  it ;  and  as  by  the  touching 
of  it  this  iron  became  a  fort  of  loadftone,  I  made 
ufe  of  it  inftead  of  the  weak  loadftone  to  make 
the  experiment  by  it  with  regard  to  the  great 
loadftone. 

I  therefore  applied  againft  the  great  loadftone 
A*,  a  little  iron  rod  or  wire  F,  about  a  line  thick, 
and  an  inch  and  half  long  *,  this  wire  was  anima¬ 
ted  immediately,  and  held  ftrongly  to  the  ftone, 
and  remained  fixed  there  horizontally,  accord¬ 
ing  to  the  pofition  of  the  poles  of  the  ftone.  I 
afterwards  applied  to  the  other  extremity  of  this 
*  Fig.  2.  •  wire 
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wire  F  the  bit  of  iron  B,  which  had  been  firft 
animated,  fo  that  the  poles  of  contrary  virtue 
touched  one  another ;  that  is  to  fay,  the  north 
pole  f  of  the  iron  B  touched  the  fouthern  pole  of 
the  wire  F,  that  they  might  be  more  ftrongly 
united  together,  and  with  the  loadftone  A,  the 
whole  being  placed  on  a  level.  After  having 
drawn  away  foftly  the  iron  B,  the  wire  F  remain¬ 
ed  fixed  to  it,  and  quitted  the  loadftone  A  ;  and 
this  always  happened  the  fame  every  time  that  I 
repeated  this  experiment  •,  but  it  is  true,  that  when 
I  took  away  the  iron  B  from  the  loadftone  A, 
about  two  or  three  inches,  the  wire  F  quitted  alfo 
the  iron  B. 

I  had  afterwards  a  mind  to  fee  what  would 
happen,  if  I  fhould  firft  apply  the  animated  bit 
of  iron  B  againft  the  loadftone,  and  then  againft 
this  the  wire  F,  and  always  the  poles  joined  to 
the  poles  of  different  denominations  ;  for  then  the 
wire  would  only  touch  the  iron  B  in  a  little  place, 
and  the  iron  B  would  touch  the  loadftone  A  in  a 
much  larger  place,  for  the  extremities  of  thefe 
irons  had  been  well  filed.  And  I  have  obferved 
with  fome  furprize,  and  againft  the  inclination 
that  I  might  have  for  M.  Rohav.lt' s  reafon,  that 
the  wire  being  drawn  backward,  carried  away 
with  it  the  iron  B,  which  touched  the  loadftone 
A,  and  always  fo  in  the  repetition  of  the  experi¬ 
ment. 

1  thought  I  fhould  not  confine  myfelf  to  thefe 
experiments  alone,  but  make  fome  others  to  en¬ 
deavour  to  difcover  the  true  caule  of  the  effed  that 
we  here  fpeak  of;  I  therefore  began  to  place  my 
great  loadftone  in  fuch  a  manner,  that  its  large 
face  and  its  poles  were  in  an  horizontal  pofition  ; 
and  having  put  a  white  paper  upon  it,  I  ftrewed 
fome  fteei  filings  in  the  common  manner,  and  j 

N  n  2  obferved 
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cbferved  the  poles  and  bellies  as  they  are  cal- 
/  led,  of  the  vortex  of  the  magnetic  matter  which 
circulates  about  this  (lone. 

Afterwards  having  taken  away  the  paper,  and 
placed  the  iron  rod  F  againft  the  loadflone  A,  and 
at  the  end  of  this  iron,  the  iron  B,  the  length  of 
both  thefe  irons  being  in  the  line  of  the  poles  of  the 
loadflone,  as  I  had  at  firff  placed  them,  I  put  the 
paper  again  upon  it,  and  having  ffrewed  the  filing, 
I  obierved,  as  may  be  feen  in  the  figure*  ;  that 
the  threads  of  the  magnetic  matter,  which  came 
out  through  the  pole  M  of  the  ftone,  feemed  to 
lay  along  the  rod  F,  without  entering  into  it,  and 
that  from  the  iron  B,  which  was  applied  to  this 
rod,  there  proceeded  threads  almoft  perpendicular 
to  the  length  of  this  iron,  which  meeting  thole 
which  came  out  of  the  pole  M  of  the  loadflone, 
carried  them  away  with  them,  and  that  at  the  ex¬ 
tremity  D  of  this  iron,  it  formed  a  kind  of  pole  or 
vortex  very  fenfible  which  extended  a  great  way, 
joining  itfelf  to  the  matter  that  came  from  the  pole 
M,  which  might  afterwards  return  toward  the  o- 
ther  pole  of  the  loadflone.  What  I  fay  of  the  mat¬ 
ter  which  proceeds  from  the  poles  of  the  (tone, 
and  from  the  irons  muft  be  underflood  in  the  fame 
manner  as  that  which  fhould  endeavour  to  enter 
again,  which  is  indifferent,  and  would  caufe  the 
lame  effe<5t  according  to  M.  Huygens  fyflem.  The 
fame  difpofition  of  the  threads  happen  alio  if  we 
place  the  iron  B,  near  the  loadflone,  and  the  iron 
F  beyond  it. 

Thefe  experiments  would  perfuade  me  that  the 
animated  iron  or  fleel  has  more  force  than  the  load- 
ffone  itfelf  that  animates  it,  and  we  often  fee  that 
a  rod  or  rule  of  a  certain  fleel  having  been  animat¬ 
ed  by  a  good  loadflone,  fuflains  or  carries  a  much 
*  Fig.  3. 
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greater  weight,  then  the  loadftone  itfelf  naked 
and  unarmed.  I  think  that  we  might  fay  that  it 
proceeds  from  this,  that  fteel  or  iron  being  a  foft 
body  in  proportion  to  the  loadftone,  although 
they  are  of  the  fame  nature,  has  its  pores  much 
more  proper  to  receive  the  imprefiion  of  the  mag¬ 
netic  matter,  than  the  loadftone  has,  which  is  a 
hard  body,  finceit  is  aftone,  the  iron  alfo  lofes  its 
virtue  all  at  once  to  take  another  quite  contrary, 
which  a  loadftone  cannot  eafily  do,  and  which 
can  only  happen  in  fome  one  of  its  parts,  which 
fhould  not  be  intirely  {tone  *,  befides  by  degrees  it 
again  takes  its  primitive  virtue,  after  it  has  been 
changed  or  altered  by  a  ftronger  loadftone,  and 
confequentlyit  may  introduce  into  thefteel  a  much 
greater  quantity  of  magnetic  matter,  than  into  the 
loadftone  itfelf  which  has  directed  and  opened  the 
pores  of  the  fteel  to  receive  this  matter. 

Thus  the  two  peices  of  iron  D  and  F  which 
touch  one  another,  and  one  of  which  is  applied  a- 
gainft  the  load-ftone  A,  may  have  a  much  great¬ 
er  virtue  than  the  loadftone  A,  and  efpecially 
when  they  are  a  little  diftant  from  this  load¬ 
ftone,  from  which  they  may  receive  a  part  of  the 
magnetic  matter  of  its  vortex,  which  joins  itfelf  to 
that  which  is  diffufed  in  the  air.  Alfo  when  thefe 
two  irons  are  at  rather  too  great  a  diftanee  from 
the  loadftone  A,  to  receive  the  magnetic  matter, 
their  force  diminifhes  confiderably,  and  it  is  what 
is  commonly  obferved  that  a  bit  of  animated  iron, 
has  much  more  force  to  fuftain  a  weight  in  prefence 
of  a  loadftone  than  when  it  is  at  a  diftanee  from  it. 
All  this  is  vifibly  known  by  the  difpofition  of 
threads  of  fteel  filings. 

We  might  alfo  bring  for  a  proof  of  what  I  have 
before  advanced,  that  a  loadftone  may  commu¬ 
nicate  to  a  piece  of  iron  more  force  than  it  has  it¬ 
felf 
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felf.  For  we  do  not  queftion  but  that  the  earth 
is  a  loadftone,  but  a  very  weak  one,  becaufe  the 
magnetical  matter  which  furrounds  it,  is  too  much 
difperfed  about  its  globe,  and  that  there  are  but 
few  of  its  parts  which  can  meet  this  iron,  for  this 
reafon,  at  firft  it  can  only  weakly  animate  a  long 
rod  of  iron,  that  is  difpofed  in  the  air  according 
to  the  courfe  of  this  matter  *,  yet  it  is  this  fame  mat¬ 
ter,  which  in  length  of  time,  direcfls  and  opens 
all  the  pores  of  it,  to  make  this  iron  become 
a  very  good  loadftone,  after  it  has  changed  its 
nature  by  ruft,  and  is  become  a  ftone,  as  we 
have  feen  at  Aix  in  Provence ,  and  at  Chartres . 
It  was  this  which  engaged  metwenty-five  or  thirty 
years  ago,  to  enclofe  in  a  ftone  of  the  fame  nature 
with  that  of  the  fteeple  of  Chartres ,  feveral  iron 
wires,  according  to  the  courfe  of  the  magnetic 
matter,  and  which  being  at  firft  animated,  were 
converted  into  ftone  byruft,and  became  Joadftones. 
The  fame  thing  happened  to  an  iron  wire,  which 
had  been  fufpended  in  the  air  for  a  great  while. 

I  made  another  obfervation  upon  the  courfe  of 
the  magnetic  matter  which  paftes  through  a  great 
loadftone, which  is  marked  diftindtly  by  the  threads 
of  the  filings  that  are  fprinkled  upon  a  paper  plac¬ 
ed  upon  the  loadftone,  where  we  fee  that  towards 
the  poles  of  the  ftone,  a  great  deal  of  filings  are 
amaffed,  which  form  the  origin  of  a  vortex  of 
which  the  bellies  are  between  the  poles,  and  that 
the  filings  are  alfo  in  a  pretty  great  quantity  to¬ 
ward  the  edges  of  the  ftone,  the  threads  of  which 
proceed  almoft  perpendicular  from  thefe  edges  ; 
but  there  are  but  very  little  filings  in  the  middle, 
which  has  different  directions  according  to  the  in¬ 
equalities  of  the  ftone,  from  whence  we  may  judge 
that  the  ftone  has  but  very  little  force  in  its  middle. 
The  lame  thing  is  alfo  obferved  in  an  animated 

iron 


Royal  Academy  of  Sciences.  279 

ron  rod.  This  is  confirmed  by  the  experiment  I 
brmerly  made  upon  a  fteel  ring  of  three  inches 
liameter,  which  I  had  animated  by  only  approach- 
ng  the  pole  of  the  loadftone  againff  a  part  of  this 
ing,  for  I  knew  by  fteel  filings  fprinkled  upon 
l  paper  which  I  had  placed  upon  this  ring,  the 
:wo  poles,  one  where  it  had  been  touched  by  the 
tone,  and  the  other  at  the  extremity  of  the  dia- 
neter  of  the  ring,  which  palled  through  the  place 
where  it  had  been  touched.  We  obferved  alfo 
he  bellies  between  thefe  poles,  but  there  did  not 
ippear  any  thing  fenfible  in  the  middle  of  the  ring, 
which  fhewed  me  that  the  virtue  of  the  loadftone 
lad  pafted  from  one  pole  to  the  other,  and  had 
:ommunicated  itfelf  the  length  of  the  ring  with- 
)ut  the  bellies  being  confounded. 

In  effedt  the  experiments  that  I  have  made  upon 
he  courfe  of  the  magnetic  matter,  as  has  been  feen 
n  the  preceeding  figure,  fhews  us  that  when  we 
lave joined  the  two  bits  of  iron  to  the  ftone  all  its 
virtue  pafles  from  its  pole  S  ,  the  furtheft  from  the 
rons,  to  the  pole  m  of  the  iron  the  fartheft  from 
:he  ftone,  and  that  toward  the  middle  where  the 
Dther  iron  is  placed,  there  is  but  very  little  force  ; 
or  the  ftone  and  both  the  irons  have  no  other  ef- 
:e<ft  together  than  as  a  lingle  loadftone  *,  and  I 
iave  found  this  very  plainly  upon  an  excellent 
bone  that  was  armed,  where  the  magnetic  matter 
aeing  all  introduced  into  the  armours,  which 
were  applied  againft  the  poles,  turned  itfelf 
wholly  towards  the  heads  of  the  armours,  to 
make  them  fuftain  a  confiderable  weight  ;  for 
:hen  the  Tides  of  the  armours  overagainft  the  poles 
had  not  any  more  fenfible  force. 

It  is  almoft  the  fame  here,  where  all  the  virtue 
Df  the  ftone  paffing  from  its  pole  S  to  the  mod 
diftant  pole  m  of  the  iron,  can  but  very  weakly 

hold 
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hold  the  middle  iron,  remaining  fixed  to  the  moft 
diftant  iron  which  has  received  all  the  virtue  of 
the  loadftone  in  the  figure,  which  being  long,  has 
a  good  deal  of  force  to  a6t  upon  the  middle  iron 
that  is  near  it *,  and  this  is  what  is  marked  by  the 
threads  of  the  filings,  which  come  out  almoft 
perpendicularly  from  this  iron,  which  gives  it 
more  force  to  join  itfelf  to  the  iron  in  the  mid¬ 
dle,  than  remains  in  the  loadftone  to  retain  it. 

I  have  before  related,  that  when  I  made  this 
experiment  with  the  loadftone  A,  and  the  two 
irons  B  and  F,  I  had  not  obferved  that  the  iron 
in  the  middle  remained  fixed  to  the  ftone  A  when 
the  other  iron  was  removed,  but  on  the  contrary 
it  always  remained  fixed  to  the  other  iron,  and 
followed  it :  neverthelefs  M.  Rohault  relates,  that 
this  fometimes  happens,  and  this  made  me  fuf- 
pedt  that  the  loadftone  A,  having  a  good  deal  of 
force,  communicated  alfo  a  good  deal  of  it  to  the 
moft  diftant  iron,  or  to  the  loadftone  of  which  it 
holds  the  place.  For  this  reafon,  inftead  of  this 
loadftone  A,  I  took  a  pretty  long  and  thick 
piece  of  iron  wire,  which  having  been  animated, 
became  a  proper  loadftone  for  thefe  experiments ; 
and  inftead  of  the  other  two  irons  B  and  F,  I  took 
a  bit  of  iron  wire  about  half  a  line  thick,  and 
three  inches  long,  which  I  cut  in  two  parts,  one 
of  an  inch,  and  the  other  of  two  inches  ;  and 
having  animated  thefe  three  pieces  of  iron,  I 
placed  them  according  to  their  poles  upon  a  glafs 
ho  that  at  firft  the  fhorteft  was  in  the  middle,  and 
they  touched  one  another  at  their  extremities. 
Thefe  three  irons  then  compofed  but  one  fingle 
loadftone,  for  they  held  faftened  together  when 
moved,  and  it  happened  alfo,  that  when  I  drew 
away  from  the  thickeft  iron,  the  longeft  of  the  o- 
ther  two,  it  drew  along  with  it  the  fhorteft  which 

was 
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was  in  the  middle,  for  the  thickeft  was  held 
Fall,  which  is  conformable  to  the  firfb  experi¬ 
ments,  for  the  thickeft  of  the  three  commu¬ 
nicated  enough  virtue  to  the  moft  diftant  to  make 
it  retain  that  in  the  middle,  which  was  the  fmal- 
left  ;  but  when  I  would  place  the  lead:  at  the  ex¬ 
tremity,  and  the  other,  which  was  equal  in  thick- 
nefs  but  longer, in  the  middle, I  obferved  that  foine- 
timesthe  ftnalleft  did  not  draw  the  other,  away 
which  feparated  from  it,  and  remained  joined  to 
the  thickeft  of  the  three,  which  was  immoveable, 
and  this  did  not  agree  with  the  firft  experiments; 
but  I  can  alfo  fay  that  the  lead  of  the  two  thin¬ 
ned,  which  was  the  moft  diftant,  had  not  force  e- 
nough  to  draw  away  the  other  which  redded  it  by 
its  weight. 

I  obferved  alio,  by  confidering  attentively  the 
manner  in  which  thefe  wires  apply  themfelves  a- 
gainft  one  another,  to  abb  upon  it,  that  they  do 
not  join  their  circular  extremities  exactly  one  at 
the  end  of  another ;  but  turn  themfelves  a  little 
that  they  may  meet  at  the  edges  of  their  circumfe¬ 
rence,  for  they  had  been  well  prepared  at  the  ends, 
which  without  doubt  proceeded  from  the  mag¬ 
netic  matters  going  out  in  greater  abundance  in  this 
place,  than  towards  the  middle,  as  it  happens  to 
all  bodies  that  are  any  thing  large,  when  being 
animated  we  would  makethem  fuftain  a  bit  of  iron, 
as  we  obferve  in  a  knife  that  is  round  at  the 
point. 

We  muft  alfo  obferve  that  in  the  experiments 
there  are  fome  irons  which  cannot  be  animated, 
that  is,  which  having  been  touched  with  a  good 
done,  and  being  of  a  long  figure,  cannot  fuftain 
a  very  light  iroa,  at  lead:  if  it  be  not  in  prefence 
of  a  loadftone,  not  that  they  are  of  a  nature  im¬ 
proper  for  that,  but  only  becaufe  theit  pores 
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cannot  retain  the  virtue  which  had  been  impreffed 
on  them  by  the  loadflone. 

But  to  conclude,  we  mufl  confider  that  the  firft 
irons  applied  to  a  loadflone,  make  it  a  kind  of 
armour  which  has  a  good  deal  of  force  towards  its 
extremity,  by  gathering  the  virtue  which  is  fpread 
about  the  flone,  which  makes  it  a£l  more  power¬ 
fully  than  the  flone  itfelf;  this  is  difcovered 
by  the  armour,  and  it  is  this  which  makes  it  pull 
away  from  the  flone  the  other  irons  that  are  near 
it,  for  this  fort  of  armour  joins  very  flrongly 
to  the  iron  which  touches  it,  and  which  confe- 
quently  mufl  carry  it  away  with  it  when  we  would 
feparate  them  ;  this  alfo  may  be  feen  by  applying 
againfl  either  of  the  poles  of  the  flone,  an  iron 
which  ferves  it  for  an  armour,  without  being  fixed 
to  the  flone,  for  the  extremity  of  this  armour  will 
join  very  eafily  to  the  iron  that  fhall  be  prefented 
to  it,  fo  that  they  will  feparate  together  from  the 
flone,  and  that  until  the  iron  which  touched  the 
loadflone  is  too  far  from  it  to  receive  force  e- 
nough  to  retain  the  other,  and  this  fee  ms  to  me 
to  be  the  true  reafon  of  the  effedl  which  we  have 
undertaken  to  explain  in  this  memoir. 

VII.  An  extratt  oj  the  obfervations  of  the  e- 

clipfe  of the  moony  September  20yij\jiat 

Nuremberg 5  by  M.  Wurtzelbaur. 

The  weather  was  favourable  at  Nuremberg  for 
the  obfervation  of  the  eclipfe  of  the  moon,  Septem¬ 
ber  20,  1717,  which  mull  appear  above  the  ho¬ 
rizon  longer  than  at  Paris ,  becaufe  this  city  isfitu- 
ated  with  regard  to  us  toward  the  eafl. 

At  6h  5'  30 '  the  upper  limb  of  the  moon  ap¬ 
peared  elevated  a  degree  above  the  horizon,  3  mi¬ 
nutes  and  {  before  fun-fet,  which  is  at  6  9'. 
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At  6h  17 '  30'',  the  moon  being  almoft  entirely 
emerged  out  of  the  vapours,  the  magnitude  of  tne 
eclipfe  was  obferved  to  be  almoft  8  digits. 

ii  /  // 

At  6  54  o  the  eclipfe  was  feven  digits. 

7  29  30  five  digits. 

7  41  45  three  digits  Tycho  is  {  emerged. 

7  52  10  two  digits. 

8  135  t  of  a  digit.  . 

8  1045  end  of  the  eclipfe  at  Nuremberg. 

The  end  of  the  eclipfe  having  been  h  ,  „ 

obferved  at  Paris  at  7  3 4  5° 

we  ftvall  have  the  difference  of  the  me¬ 
ridians  between  Paris  and  Nuremberg >  35  55 

within  about  10"  of  that  which  refults 
from  the  obfervations  of  the  fpot  of 
Tycho ,  which  gives  this  difference  36  5 
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Maraldi. 
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I.  On  a  quejiion  'which  relates  to  the  theory 

of  gravity. 

MSaurin  being  engaged  in  the  ftudy  of  the 
#  theory  of  gravity,  found  it  neceffary  to 
refolve  this  queftion  :  If  two  fluids,  each  of  them 
homogeneous,  having  each  of  them  all  their  parts 
equal,  and  of  the  fame  figure,  for  inftance,  fphe- 
rical,  and  of  the  fame  denfity ;  that  is,  contain¬ 
ing  under  the  fame  bulk  a  like  quantity  of  proper 
matter,  both  moved  with  the  fame  velocity,  and 
differing  only  in  one  of  the  parts  being  more 
grofs,  and  the  other  more  fubtile,  have  a  diffe¬ 
rent  force  againft  a  plane  that  they  meet  ? 

One  would  at  firfl:  make  no  difficulty  in  deci¬ 
ding  for  the  affirmative,  and  that  the  fubtile  fluid 
muff  have  lefs  force.  And  yet  M.  Saurin  found, 
contrary  to  his  expe&ation  and  intereft  at  that 
time,  that  the  two  fluids  have  an  equal  force. 

Without  repeating  his  demonftration,  which  is 
fo  much  the  more  exa<5t  and  rigorous,  as  he  was 
defirous  to  be  able  to  conteft  the  confequence  it 
fqems  that  the  fame  thing  may  be  proved  by  a 
pretty  eafy  method.  The  two  fluids  being  mo¬ 
ved  with  the  fame  velocity,  have  the  fame  quan- 
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tity  of  motion,  and  confequently  the  fame  impetus , 
if  they  have  the  fame  quantity  of  matter ;  and  we 
are  only  to  fhew  that  they  have. 

I  fuppofe  a  plane  of  a  foot  fquare,  and  I  put  a 
fphere  of  a  foot  in  diameter,  which  touches  the 
plane  at  its  middle  point,  or  at  the  interfe&ion  of 
the  two  diagonals.  Here  is  the  fpace  of  a  cubi¬ 
cal  foot  as  much  filled  as  it  can  be  by  a  fphere. 
If  I  would  fill  this  very  fpace  with  fmaller  fpheres, 
and  take  them  at  firft  of  half  a  foot  in  diameter, 
it  is  evident  that  it  will  require  8,  for  the  fquare 
plane  being  conceived  to  be  divided  into  4  equal 
and  fquare  planes,  each  of  half  a  foot  on  a  fide, 
each  of  them  will  bear  its  fphere  of  half  a  foot  in 
diameter,  all  thefe  4  fpheres  will  fill  but  half  the 
cubical  fpace  of  a  foot,  which  filled  the  firft 
fphere  alone  ;  and  to  fill  it  as  much  as  it  can  be, 
we  muft  put  upon  thefe  four  fpheres  four  other 
equal  fpheres.  Now  the  folidities  of  the  fpheres 
being  as  the  cubes  of  their  diameters,  each  fphere 
of  half  a  foot  will  be  j  of  the  firft  fphere  ;  and  the 
8  together  will  be  equal  to  it :  whence  it  follows, 
that  there  is  always  the  fame  quantity  of  matter 
in  the  fuppofed  cubical  fpace,  whether  it  be  fil¬ 
led  by  the  fingle  fphere  or  by  the  8.  In  like 
manner,  if  we  would  fill  it  with  fpheres  of  j  of  a 
foot  in  diameter,  we  fhall  find  that  27  are  re¬ 
quired  ;  each  of  which  being  *  of  the  fingle 
fphere,  the  27  will  be  equal  to  it,  and  always  lo. 

It  is  vifible  that  thefe  fpheres,  which  always 
fill  the  fame  fpace,  which  are  always  of  the  fame 
matter,  or  equally  denfe,  and  which  only  conti¬ 
nually  leffen  in  diameter,  reprefent  a  fluid,  which 
we  conceive  always  more  fubtile  in  the  conditions 
mentioned.  Thus  the  fubtilty  of  a  fluid  takes 
away  nothing  from  the  force  of  its  impetus  \  pre- 

fumpjions. 
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fumptions,  even  philofophical  ones,  are  often  de¬ 
ceitful. 

•  ■  •  4 

II.  On  animals  feen  by  the  jnicrofcope . 

There  was  reafon  to  be  furprized  the  fird  time 
we  faw  animals  as  fmall  as  a  wheale-worm  or 
cheefe-mite  ;  and  above  all,  if  we  confidered 
what  their  organifation  mud  be,  and  of  what  a 
prodigious  number  of  machines,  lefs  and  lefs,  to 
infinity,  fuch  a  fmall  machine  is  compofed.  It 
is  not  very  probable,  that  the  mod  philofophical 
imagination  would  have  gone  fo  far  as  to  lufpecd 
fuch  animals  in  nature  :  but  obfervations  have 
made  us  fo  familiar  with  thefe  forts  of  wonders, 
that  animals  27  millions  of  times  lefs  than  a  mite 
no  longer  furprize  us.  Such  is  the  enormous 
fmallnefs  of  thofe  which  M.  Malezieu  has  obfer- 
ved  with  his  microfcope  •,  he  has  proved  it  by  the 
geometrical  calculation  of  the  augmentation  which 
this  indrument  caufes  in  objedts.  W  hat  therefore 
are  the  bounds  of  the  minurenefs  of  animals? 
Our  eyes  reach  from  the  elephant  to  the  mite,  and 
there  a  new  order  begins,  relerved  for  the  micro¬ 
fcope,  reaching  from  the  mite  to  animals  27 
millions  of  times  lefs :  this  order  is  not  exhauded, 
jf  the  microfcope  is  not  yet  arrived  at  its  greated 
perfedlion  ;  and  when  it  diall  be  lo,  will  the  ani¬ 
mals  be  exhauded  ?  There  is  on  the  contrary  an 
extreme  probability  that  they  will  not ;  the  bounds 
of  nature  will  not  fit  fo  judly  with  thofe  of  our 
eyes  afiided  by  the  microlcope.  Who  could  even 
affirm  that  there  are  any  bounds?  All  that  can 
make  us  believe  that  animals  have  any  in  fmall- 
nels,  is  that  that  they  have  them  in  greatnefs. 
On  this  fide  they  are  bounded  by  the  elephant, 

and 
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and  from  thence  to  the  lead  animal  exifting,  there 
is  a  progreflion  terribly  decreafing. 

M.  de  Malezieu  has  made  a  lingular  obferva- 
tion  upon  the  almoft  infinitely  (mail  animals, 
which  the  microfcope  difcovers  in  drops  of  li¬ 
quor;  he  has  plainly  perceived  fome  of  them  to 
be  oviparous,  and  others  viviparous.  Several  of 
them  are  fo  tranfparent,  that  one  may  evidently 
diftinguifh  through  their  outer  fkin  their  different 
vifcera ,  the  motions  of  thofe  parts,  and  even  the 
contrary  motions  of  the  blood,  or  liquor  inftead 
thereof,  fo  that  the  circulation  is  feen  at  once 
through  the  whole  animal.  Of  thefe  tranfparent 
animals,  M.  de  Malezieu  has  feen  fome  lay  eggs, 
which  before  were  little  grains,  that  might  be 
counted  in  their  intedines,  and  as  foon  as  they 
were  emitted  became  animals,  which  grew  more 
like  their  mother  every  inftant,  as  they  unfolded 
and  grew.  The  others  produced  fmall  living 
animals,  which  were  fo  whilfb  in  the  belly  of 
their  mother,  and  had  diflinguifhable  figures  and 
fenfible  motions.  We  fee  by  this,  that  the  law 
of  the  generation  of  animals  is  very  condant,  and 
that  nature  is  always  the  fame  both  in  great  and 
little. 


III.  On  the  mewing  of  cray-fifhes . 

The  marvels  of  cray-fifhes  have  not  been  fufiici- 
cntly  inquired  into  or  exhaufted  in  1709  and 
1712  *;  and  indeed  what  part  of  nature  can  be  ? 
M.  de  Reaumur  has  examined  anew  the  mewing 
of  cray-fifhes,  that  is,  the  change  of  the  ihell  or 
boney  covering,  which  happens  to  them  every 
year,  and  he  has  found  ftill  more  novelties.  He 
has  (hewed  the  academy  fome  decifive  experi- 

*  Vol.  Ilf.  p.  244,  of  this  abridgment, 
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ments,  which  no  prepoffeffion  to  the  contrary  can 
ward  off. 

It  is  in  June ,  July ,  and  Augujl ,  that  the  cray- 
fifhes  quit  their  old  fhell,  which  remains  empty, 
but  all  in  a  piece,  that  is,  the  different  pieces 
which  compofe  it  are  ffill  united  as  they  were  be¬ 
fore  •,  fo  that  the  fpoil  of  the  cray-fifh  looks  as  it 
it  was  an  entire  animal. 

This  lpoil  does  not  get  loofe  of  itfelf,  and  with¬ 
out  effort,  but  the  animal  affifts  it  by  different 
motions,  which  feem  very  painful.  Sometimes 
it  dies  in  the  operation.  M.  de  Reaumur  gives 
the  ex;ad  hiftory  of  the  fucceffive  mewing  ;  for 
we  may  well  judge,  that  the  animal  has  more  eafe 
to  difengage  itfelf  at  firft  from  certain  pieces  of 
its  fhell,  and  that  it  begins  with  thofe,  which 
afterwards  draw  others  after  them,  or  render  them 
more  eafy  to  get  loofe.  In  fhort,  it  wifely  ob- 
ferves  the  order  of  its  greateft  convenience. 

There  is  one  circumftance  in  the  mewing, 
which  might  feem  inconceiveable.  A  leg  gets 
from  within  its  boney  fheath,  and  the  only  aper¬ 
ture  in  this  fheath,  through  which  the  leg  could 
pafs,  is  fo  final  1,  that  it  is  impoffible  it  fhould 
pals  through :  nor  indeed  did  it,  but  the  fheath 
has  an  invifible  flit  lengthwife,  and  is  compofed 
of  2  pieces  fo  exactly  joined,  that  they  feem  abfo- 
lutely  to  be  but  one.  It  opens  to  let  the  leg  get 
out  at  the  flit,  and  at  that  moment  fhuts  itfelf  fo 
doff,  that  the  flit  entirely  difoppears,  as  if  nature 
had  ffudied  to  hide  the  induftry  which  it  ufes  to 
make  this  leg  get  out. 

The  cray-fifh  therefore  remains  naked,  and  co¬ 
vered  only  with  a  foft  membrane  ;  but  in  two  or 
three  days  at  moll,  this  membrane  becomes  a 
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boney  covering,  entirely  like  that  which  fell  off,  ' 
but  larger. 

It  is  larger,  becaufe  in  the  fpace  of  a  year  the 
cray-fifh  has  grown,  and  requires  a  larger  vefture. 
According  to  M.  de  Reaumur's  opinion,  this  ani¬ 
mal  mews  every  year,  becaufe  it  grows  itfelf,  and 
its  coat  does  not.  In  fhort,  if  we  compare  the 
animal  at  the  time  of  its  being  naked,  with  the 
fpoil  it  has  juft  quitted,  we  always  fee  that  it 
could  hold  it  no  longer,  and  that  a  new  coat  was 
neceffary.  The  cray-fifh  grow  flowly,  perhaps 
becaufe  of  the  conftraint  of  the  bony  covering ; 
and  the  fifhermen  fay  that  at  6  or  7  years  of  age 
it  is  (till  but  of  a  moderate  bignefs. 

M.  de  Reaumur  ventures  to  guefs  at  the  man¬ 
ner  in  which  the  foft  membrane,  which  cloaths 
the  naked  cray-fifh,  changes  to  a  fhell.  What  are 
called  crab’s-eyes,  are  two  little  ftones  feated  in 
the  flomach  of  the  animal,  which  are  not  found 
there  at  all  times  of  the  year,  and  are  found  in 
different  hates  of  the  growth.  M.  de  Reaumur 
has  obferved,  that  thefe  ftones  are  biggeft  exactly 
when  the  cray- fifties  are  ready  to  mew  ;  and  that 
when  the  new  fhell  has  acquired  all  its  hardnefs, 
there  are  no  more  ftones.  In  the  intermediate 
fpace,  which  is  very  fhort,  they  only  decreafe. 
Hence  he  fuppofes  they  are  a  fort  of  quarries, 
whence  the  ftoney  matter  proceeds,  which  is  to 
harden  and  petrify  the  membrane  with  which  the 
cray-fifh  is  covered.  When  this  is  done,  the 
quarries  are  exhaufted,  and  they  begin  to  fill 
again  during  the  following  year.  There  is  fome- 
thing  lo  juft  in  this,  that  it  is  hard  to  think  it 
only  a  fport  of  imagination. 
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An  explanation  of  the  figures  in  Plate  VII. 

Fig.  1.  is  a  cray-fifh,  which  has  already  loofen- 
ed  the  firft  of  the  tables  from  that  part  of  the 
fhell,  which  M.  Reaumur  calls  the  cafque .  Aaa 
the  cafque ,  bb  the  firft  of  the  tables. 

Fig.  2.  is  a  cray-fifh  juft  ready  to  mew  ;  ccc 
the  edge  of  the  cafque ,  which  is  very  much  rai- 
fed,  and  is  at  prelent  found  at  a  great  diftance 
from  the  firft  table  dd.  The  part  ee,  and  all  that 
is  between  cc,  dd,  is  at  prefent  open. 

Fig.  3.  The  lpoil  of  a  cray-fifh  which  has 
mewed  ;  h  the  cafque*  i  the  firft  table,  k  the 
place  where  the  cray-fifh  drew  out  its  head.  The 
edge  h  of  the  cafque  would  have  been  applied 
againft  the  edge  i  of  the  firft  table,  if  we  had  re- 
prefented  thefe  ihells  in  the  fituation  that  they 
take  when  the  cray-fifh  has  juft  quitted  them, 
but  they  are  reprefented  juft  as  they  are  placed  at 
the  inftant  when  the  cray-fifh  is  juft  ready  to  get 
out. 

Fig.  4.  is  the  fame  with  Fig.  3.  only  the  cafque 
is  removed,  to  fhew  how  many  different  parts 
remain  faftened  to  the  fpoil. 

Fig.  5.  is  part  of  a  leg  of  a  cray-fifh  in  the 
ordinary  ftate  ;  1 1  marks  the  ftraiteft  place  of  the 
leg  contained  between  the  fecond  and  third  articu¬ 
lation. 

Fig.  6.  is  the  fame  leg,  when  the  flefh  which 
occupies  the  large  end  of  the  fhell  is  arrived  at  the 
ftrait  part  marked  1 1  in  the  preceding  figure.  We 
here  fee  the  fhell  open,  and  the  flefh  nn  breaking 
out,  after  having  forced  the  future  mm  of  the 
fhell. 

Fig.  7.  is  the  fame  leg  in  another  pofition. 
We  lee  here  befides,  that  the  fhell  is  opened 
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at  P.  OO  here  reprefents  the  fame  flefh  that 
is  marked  mm  in  Fig.  6. 

IV.  Of  a  lizard  with  two  tails , 

M.  Marchant  having  perceived  in  his  garden 
a  grey  lizard  with  two  tails,  killed  it  that  he 
might  have  the  difpofal  of  it,  and  might  exa¬ 
mine  it  at  leifure.  There  was  nothing  fingular 
in  it  but  the  two  tails.  One,  which,  as  it  feemed 
by  its  direction,  ought  to  have  been  the  only  one, 
was  fomething  thicker  than  the  other,  but  Ihorter. 
It  alfo  appeared  to  have  been  cut  toward  the  ex¬ 
tremity,  for  it  did  not  end  in  a  (lender  point  as  it 
ought  to  have  done,  but  in  a  pretty  thick  and  ob- 
tufe  one.  It  was  but  16  lines  long,  and  the 
tails  of  thefe  animals  are  ufually  three  inches  and 
more.  It  was  a  little  flatted  at  top,  and  almoft 
quite  ftrait.  The  fecond,  which  was  fituated  to 
the  right  of  the  firft,  threw  itfelf  to  the  right,  and 
bended  outward.  It  was  22  lines  long,  and  2 
in  diameter  at  its  origin,  equally  round  on  all 
fides,  and  terminated  in  a  (harp  point. 

A  lizard  is  covered  with  bands  or  cindfures, 
from  the  hinder  feet  to  the  end  of  the  tail  ;  and 
M.  Marchant  has  obferved,  that  thefe  bands, 
which  feem  to  be  feparated,  and  compofed  of 
fcales,  are  however  only  a  continued  fkin,  but 
folded  in  fuch  a  manner,  that  the  different  plaits 
or  folds  cover  one  another,  and  it  is  this  which 
makes  the  cindfures.  It  was  from  the  edge  of 
the  laft  cindfure  upon  the  body  of  the  lizard  ob¬ 
ferved  by  M.  Marchant ,  that  the  two  tails  grew. 

One  might  even  fufpedt  the  riflng  of  a  third. 
It  was  a  little  appendage  2  lines  long,  and  f  a  line 
in  diameter,  fltuated  2  lines  above  the  bifurcation 
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of  the  two  tails,  and  it  feemed  by  its  ftrudture  as 
if  it  would  have  grown  to  one. 

On  difledting  the  animal  it  was  found,  that 
whereas  in  the  common  lizards  the  tail  is  formed 
by  little  boney  vertebra^  which  make  it  very  brit¬ 
tle,  in  this  the  two  tails  ;  as  alfo  the  origin  of  the 
third,  if  it  was  really  one,  were  formed  only  of 
cartilages,  which  rendered  them  lefs  brittle  and 
more  flexible. 

Ariftotle  relates,  that  if  the  tail  of  a  lizard  or 
ferpent  is  cut  off,  it  returns  again,  and  after  the 
manifeft  reproduction  of  the  legs  of  cray-fifhes,  al¬ 
ready  fpoken  of,  this  fadt  may  be  eafily  admitted. 
M.  Perraulty  in  his  'phyfical  eftays,  fays,  that  the 
tail  of  a  green  lizard  being  cut  off  came  again, 
and  that  inftead  of  the  vertebra  there  came  a  car¬ 
tilage  of  the  fize  of  a  large  pin. 

Though  the  lizards  of  Ariftotle  and  M.  Per- 
vault  were  not  quite  in  the  fame  cafe  with  that  of 
M.  Marchant ,  he  had  a  mind  to  try  the  reproduc¬ 
tion  of  the  tail  in  grey  lizards,  fuch  as  his.  But 
the  experiment  did  not  fucceed  with  him,  and  he 
has  not  been  able  to  difcover  what  could  hin¬ 
der  it. 

What  comes  up  exadtly  to  his  obfervation,  is 
what  Plivy  fays,  that  there  are  lizards  found  with 
doub’e  tails.  Johnfton  and  feveral  others  have  alfo 
advanced  it,  but  they  omit  feveral  neceffary  cir- 
cumftances.  Thus  we  mult  keep  to  a  fadt  well 

attefted,  and  time  will  inform  us  of  more. 

* 

V.  Of  a  monfrous  large  egg  jound  in  the 
cavity  of  a  bens  belly . 

A  young  hen,  which  had  been  accuflomed  to 
lay  pretty  large  eggs,  growing  more  and  more 
languid  every  day,  and  alfo  barren,  M.  Morand 
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the  fon,  iurgeon  to  the  hofpital  of  invalids,  who 
faw  it  reduced  to  extremity,  fhortened  its  life  a 
few  hours  to  examine  the  caufe  of  its  diforder. 
He  found  a  great  tumour  faftened  to  the  mefen- 
tery  by  a  pedicle,  and  in  this  tumour  a  monftrous 
egg,  which  weighed  14  ounces  wanting  2  drams, 
whereas  the  common  weight  of  the  largeft  eggs 
is  but  2  ounces ;  that  is,  it  weighed  near  feven 
times  as  much.  The  pouch,  in  which  it  was  in- 
clofed,  being  very  big  and  heavy,  and  inclofed 
in  the  cavity  of  the  belly,  had  extremely  incom¬ 
moded  the  inteftines,  and  caufed  a  diforder  in  the 
animal,  which  increafed  every  day. 

The  egg  had  its  white  and  its  yolk  :  the  white 
was  very  much  hardened,  and  one  might  count 
36  diftind  Jirata  in  it,  the  yolk  on  the  contrary 
was  more  fluid  and  pale  than  ufual. 

According  to  M.  Morand's  conjecture,  who 
brought  this  obfervation  to  the  academy,  the  egg 
had  been  fertilized,  and  falling  from  the  ovary 
into  the  oviduCt,  it  grew  extraordinary  thick  in 
this  duCt  by  fome  particular  caufe,  burft  it,  and 
fell  into  the  cavity  of  the  belly,  where  it  was 
faftened  to  the  mefentery  by  the  pedicle,  by  which 
it  had  been  faftened  to  the  ovary,  and  which  it 
carried  along  with  it.  It  had  found  a  fuitable 
nourifhment  in  the  belly,  and  had  grown  very 
big  there.  The  heat  of  this  part,  where  it  had 
tarried  a  long  time,  had  hardened  the  white  to  a 
degree  which  no  artificial  drefting  feems  to  have 
been  able  to  imitate  ;  and  as  it  is  the  white  that 
nourifties  the  yolk,  this  white  being  too  much 
hardened,  could  no  longer  furnifh  the  neceflfary 
juices  to  the  yolk,  which  thereby  had  loft  its  na¬ 
tural  confidence,  and  was  diffolved. 

This  fad:  is  remarkable  in  its  analogy  to  the 
human  fcsiu^s^  which  are  nourifhed  in  the  tubes, 

or 
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or  in  the  cavity  of  the  abdomen  ;  the  fame  acci¬ 
dents,  and  the  fame  errors  of  nature,  may  happen 
both  to  the  oviparous  and  viviparous  animals. 

VI.  Of  the  fperma  ceti. 

M.  Lemery ,  in  his  treatife  of  fimple  drugs,  has 
fet  all  the  natural  ids  right  with  regard  to  their 
miftakes  about  the  fperma  ceti ,  by  informing 
them  that  it  is  the  brain  of  the  whale  prepared 
after  a  certain  manner.  To  this  information, 
which  we  have  had  but  30  or  40  years,  M.  de 
JuJfieu  adds  another,  which  he  had  from  M.  Weils . 
The  fperma  ceti  is  only  the  brain  of  thofe  whales 
which  have  teeth,  and  they  are  but  rarely  found. 
They  have  32  of  them,  and  thefe  teeth,  weigh  1 
or  2  lb.  apiece. 

When  the  fperma  ceti  is  found  floating  upon 
the  fea,  it  is  therefore  the  brain  of  thefe  animals 
dead  and  putrified,  which  has  received  from  the 
fun  and  waters  a  preparation  equivalent  to  the 
artificial. 

VII.  On  the  ancient  and  modern  China. 

The  duke  of  Efcalona ,  foreign  afiociate  of  the 
academy,  has  fent  them  a  map  of  China ,  drawn 
by  a  Chinefe  hand,  and  in  Ckinefe  characters,  and 
very  different  from  ours.  There  are  no  degrees 
of  longitude  or  latitude  ;  the  confiderable  towns 
are  reprefented  by  fquares,  perhaps  becaufe  the 
Chinefe  have  affeCted  this  figure  in  building  them; 
it  is  certain,  from  all  accounts,  that  Pekin  is 
fquare,  and  that  they  believe  the  earth  to  be 
fquare.  They  may  have  formed  this  notion  from 
China  being  nearly  fo  *,  for,  according  to  them, 

China 
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China  is  every  thing  of  importance  upon  the 
earth. 

M.  Delijle ,  to  whom  this  map  was  referred, 
having  given  it  to  M.  de  Fairmont  to  be  lludied, 
who  carries  the  knowledge  of  languages  even  to 
the  Chine fe\  he  knew  from  him  that  it  contained 
the  ancient  and  modern  names  of  the  principal 
towns,  and  that  at  the  bottom  there  was  an  enu¬ 
meration  of  the  tributes  of  each  province,  whe¬ 
ther  in  filver  or  in  merchandifes.  The  neigh¬ 
bouring  people  to  China  are  thrown  a$  it  were  at 
random  at  the  edges  of  the  map,  and  are  expref- 
fed  by  the  names  of  monfir ous  men ,  giants,  dwarfs, 
&c.  as  if  they  were  not  worthy  to  be  called  by 
their  real  names. 

As  this  Chinefe  map  may  be  of  great  fervice  in 
comparing  the  ancient  China  with  the  modern, 
M.  Delijle  has  endeavoured  to  draw  fome  infor¬ 
mation  from  it.  For  example,  it  is  marked 
therein,  that  the  province  of  Chant  on ,  which  is  in 
the  northern  part  of  the  empire,  furnifhes  filk, 
and  thence  he  conjectures  that  it  is  the  Serica  fo 
famous  among  the  ancients. 

It  is  true  that  Ptolomy  diftinguifhes  Serica  from 
the  country  of  the  Sin  a,  which  muft  be  the  mo¬ 
dern  China  ;  but  it  is  very  pofTible,  that  in  the 
time  of  Ptolomy ,  they  might  give  the  name  of 
the  country  of  tne  Sin#  only  to  the  fouthern  part 
of  China  ;  and  in  diced:  he  places  at  the  35th 
degree  of  latitude  the  limits  of  his  Serica ,  and  of 
his  country  of  the  Since,  which  is  more  to  the 
fout-h  *,  and  it  is  at  this  verv  degree,  within  about 
15,  that  our  modern  o’ fervations  place  the  li¬ 
mits  of  the  province  o  t  Chant  on,  and  of  that  of 
Nankin ,  which  without  doubt  was  contained  in 
the  province  of  the  Sinai. 


Q_q 


Vol.  V.  N°.  53. 


298  The  History  andNlEMbm*  of  the 

It  may  not  be  amifs  to  obferve,  that  Ptolemy 
informs  us  himfelf,  that  it  is  towards  the  36th 
degree  of  latitude,  or  towards  the  parallel  of 
Rhodes ,  that  they  had  the  molt  obfervations  in  his 
time.  It  is  eafy  to  fee  the  reafon  of  it  by  the  na¬ 
vigations  that  were  then  made;  and  it  held  alfo 
for  the  navigations  that  were  undertaken  in  the 
eaftern  feas,  more  frequented  towards  the  fame 
parallel,  becaufe  of  the  merchandifes  that  were 
there  fought.  We  muft  therefore  rely  upon  Pto - 
lomy  for  the  pofition  of  the  confines  of  Serica , 
and  of  the  country  of  the  Sin<£,  and  confequently 
place  Serica  in  the  northern  China. 

However  all  the  maps  place  Serica  in  Scythia 4 
but  very  probably  it  is  a  miftake,  for  Ptolemy 
does  not  place  it  there  *,  and  befides  Serica  mult 
produce  filk,  and  there  is  none  produced  now  in 
the  Scythia  of  the  ancients,  which  is  our  SCartary. 

When  Ptolomy  is  got  out  of  the  35th  or  36th 
degree,  and  in  the  country  of  the  Sin<£,  M.  De- 
lijle  finds  him  far  from  having  the  fame  exadlnefs, 
probably  becaufe  the  navigators  and  merchants 
did  not  well  know  the  places  where  filk  was  fold. 
He  places  the  capital  of  the  Sin  a  in  the  3d  de¬ 
gree  of  fouthern  latitude,  but  by  our  modern  ob¬ 
fervations  there  is  no  pait  of  China  nearer  the 
equator  than  180;  and  by  the  annals  of  this  em¬ 
pire,  which  run  very  high,  we  know  all  the  cities 
that  have  been  capitals  by  the  abode  of  the  empe¬ 
rors,  and  they  are  all  found  to  be  in  the  modern 
China. 

And  though  according  to  the  opinion  of  the 
late  M.  Cajj.ni ,  fome  countries  as  far  as  the  equa¬ 
tor,  and  beyond  it,  as  Siam,  Cambodia ,  the  ifiands 
of  Borneo ,  Java ,  &c.  might  anciently  have  de- 
perded  on  China>  yet  could  we  affig^  to  this  em¬ 
pire 
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pire  a  capital  three  degrees  beyond  the  equator, 
and  fo  far  from  the  centre  of  the  (late. 

Laftly,  of  thefe  iflands  of  the  eaftern  archipe - 
l ago,  which  mud  have  depended  upon  China ,  M. 
Delijle  thinks  he  has  found  fome  of  the  principal 
in  Ptolomy ,  which  he  does  not  afcribe  to  the  Since. 
For  example,  the  ifland  of  Jabadu  is  pretty  plain¬ 
ly  the  ifland  of  Java  *,  we  know  that  in  the  Ma¬ 
layan  tongue  dive  means  ifland  *,  and  befides  Pto - 
lomy’s  ifland  extended  from  eaft  to  weft  like  Java . 
The  ten  Maniolce  of  Ptolomy  are  the  ten  Philip¬ 
pines ,  which  are  alfo  called  the  Manilles ,  a  name 
not  very  different  from  the  antient  one. 

From  all  this  it  refults,  that  Ptolomy  knew  the 
northern  China  much  better  than  the  louthern, 
which  he  has  extended  exceffjvely  beyond  its 
bounds.  He  has  alfo  erroneoufly  placed  on  the 
other  fide  of  the  equator  the  three  iflands  of  the 
Satyrs  ;  if  according  to  M.  Delijle's  conje&ure, 
they  are  the  three  iflands  of  Japan .  It  is  not 
very  furprifing  that  the  ancients  flaould  be  mi- 
ftaken  in  thefe  points,  but  rather  that  they  fhould 
have  a  great  number  of  pretty  juft  and  exaft  in¬ 
formations. 
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Philosophical  Memoirs  of  the  Royal 
Academy  of  Sciences  at  Paris ,  for 
the  Year  1718. 

I.  Meteorological  obfervations  made  at  the 
royal  obfervatory  ^  during  the  courj'e  of  the 
year  1717  5  by  M.  de  la  Hire*. 
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the  common  years,  which  we  have  fettled  at  19 
inches.  The  fummer  rains  alfo  were  but  mode¬ 
rate,  contrary  tocuftom,  for  the  three  months  of 
that  feafon  furnifh  almoft  as  much  as  all  the  reft 
of  the  year.  However  the  month  of  Pec  ember 
has  given  almoft  40  lines.  There  fell  but  little 
fnow  on  the  night  of  January  j.  and  though  the 
fertility  of  the  earth  is  afcribed  to  the  fnow  which 
fattens  the  earth,  as  they  fay,  yet  the  harveft 
was  very  plentiful. 

*  Jan.  8.  1718. 
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There  were  a  great  many  fogs  during  the  whole 
year,  which  have  made  up  for  the  rains  and  alio 
for  the  fnows. 

July  4,  there  was  a  ftorm  with  much  hail  of  a 
very  large  fize,  for  fome  of  it  was  7  lines  in  dia¬ 
meter,  which  did  a  great  deal  of  injury  to  the  trees 
and  fruits  in  the  places  where  the  clouds  palled. 

My  thermometer  was  at  the  lowelt  this  year, 
at  24  parts  February  13,  which  does  not  indicate 
a  great  cold,  for  it  often  fails  to  15  parts,  and  it 
begins  to  freeze  in  the  country  when  it  is  at  32 
parts,  towards  the  end  of  this  year  it  fell  no  lower 
than  31  parts  November  27. 

It  role  at  the  higheft  to  65  parts  Auguft  1,  but 
it  mull  here  be  obferved  in  general,  that  about  \ 
an  hour  paft  two  in  the  afternoon,  it  rifes  12  or  13 
parts  higher  than  in  the  morning  at  fun- rifing,  We 
may  therefore  take  for  the  greateft  heat  of  this  year, 
that  marked  by  my  thermomer  at  78  parts*, 
whence  we  may  conclude,  that  the  heat  this  year 
was  greater  than  the  cold  ;  for  to  make  the  cold 
equal  to  the  heat  with  regard  to  the  mean  Hate, 
the  thermometer  fhould  have  fallen  to  1 8  parts, 
inftead  of  24. 

We  now  proceed  to  the  barometer,  which  is  an 
inftrument  that  ferves  us  to  meafure  the  weight  of 
the  air.  That  which  I  always  ufe  in  my  obferva- 
tions  is  the  fnnple  one.  It  is  commonly  believed 
that  this  inftrument  can  point  out  the  alterations 
of  the  weather,  fome  hours  after  the  quickfilver 
has  changed  its  height  in  the  tube  wherein  it  is 
fufpended,  and  it  is  pretty  often  found,  that  when 
the  quickfilver  falls,  it  is  a  fign  there  will  be  rain, 
and  on  the  contrary,  when  it  rifes,  that  the  air  will 
become  more  clear.  However,  when  it  falls,  it 
is  a  certain  fign  that  the  air  becomes  lighter,  and 
on  the  contrary  that  when  it  rifes  the  air  becomes 

heavier. 
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heavier.  But  it  very  often  happens,  that  we  are 
deceived  in  thefe  predictions  of  rain  and  fair  wea¬ 
ther.  I  have  explained  in  fome  preceeding  me¬ 
moirs,  whence  this  may  come,  and  why  we  muft 
not  depend  too  much  upon  the  figns  of  the  baro¬ 
meter.  Mine  is  always  fituated  in  the  fame  place, 
at  the  top  of  the  great  hall  of  the  obfervatory.  I 
have  another,  in  which  the  quickfilver  rifes  3  lines 
higher  than  in  the  common  one. 

I  found  my  common  barometer  at  the  higheft 
at  28  inches  2  lines  \  February  10,  and  December 
29,  in  weather  that  was  not  very  fair  ;  and  it  was 
at  the  lowed  at  26  inches  10  lines  February  22, 
and  March  12.  It  rained  moderately  in  February , 
and  a  little  in  March .  The  difference  between 
the  greateft  and  leaft  height  of  the  berometer  was 
therefore  1  inch  5  lines  -g,  which  is  very  nearly 
like  the  other  years. 

The  moft  common  and  violent  winds  of  thele 
countries  commonly  come  from  the  S.  W.  and 
they  very  often  bring  rain,  becaufe  there  arile  more 
vapours  from  the  fea,  whence  they  are  brought, 
than  when  from  the  E.  and  we  always  obferve 
that  the  clouds  confiderably  increafe  the  force  of 
the  wind,  which  might  be  caufed  by  the  wind, 
which  being  of  itlelf  but  moderate,  and  being 
compreffed  between  the  clouds  and  the  earth,  con¬ 
fiderably  augments  its  velocity,  and  in  foggy 
weather  there  is  hardly  any  wind.  We  often  ob¬ 
ferve,  that  the  upper  winds,  which  we  know  by 
the  motion  of  the  clouds,  are  very  different  from 
thofe  which  prevail  upon  the  earth,  and  I  once 
faw  upon  the  earth,  two  winds  oppofite  to  one  an¬ 
other,  at  the  diftance  of  about  two  leagues,  which 
may  be  aferibed  to  fome  mountains* that  turned  the 
lame  wind  different  wavs. 

4 


The 


Royal  Academy  of  Sciences.  303 

The  ftrongefl  winds  of  this  year  were  in  Decern - 
her,  when  there  was  a  great  deal  of  rain,  though 
the  barometer  was  only  about  its  mean  date. 

I  obferved  the  declination  of  the  needle  December 
29,  with  a  needle  of  13  inches  j  in  length,  in  my 
(tone  box,  which  I  defcribed  lafh  year,  and  I  found 
it  1  2q  40'from  the  north  toward  the  well,  to  which 
it  tends  more  and  more  every  year,  but  I  have  re¬ 
marked  that  this  obfervation  was  very  eafily  made, 
and  that  it  mult  be  very  exadt,  becaufe  in  (hake- 
ing  the  box  confiderably,  after  the  needle  was  fix¬ 
ed  to  a  point,  it  returned  to  the  fame  point  after¬ 
wards,  having  made  feveral  vibrations,  which  does 
not  commonly  happen,  efpecially  with  great  nee¬ 
dles.  I  have  not  foftnd  any  better  reafon  for  this  ef¬ 
fect  than  the  great  calm  that  was  then  ;  which 
makes  me  fiy,  that  to  obferve  this  declination 
well,  we  muft  choofe  a  calm  time,  for  in  other 
weather,  tho5  the  box  is  very  clofe,  I  have  not  ob¬ 
ferved  the  fame  thing  ;  and  yeti  cannot  be  per- 
fuaded  that  the  agitation  of  the  air  can  caufe  any 
in  the  magnetical  matter,  which  diredts  the  nee¬ 
dles  of  the  compares. 

II.  An  obfervation  o  f  a  northern  light ;  by  M . 

Maraldi*. 

There  appeared  in  March ,  this  year  1718,  a 
great  northern  light,  like  that  which  was  obferved 
in  Europe  in  March  and  April  1716. 

I  began  to  perceive  it  the  4th  o {March  at  f 
after  having  obferved  the  entrance  of  the  4th  fatel- 
lite  into  the'fnadow  of  Jupiter ,  and  it  continued  to 
appear  till  8 11  f,  having  laded  above  an  hour. 
That  night  the?  heaven  was  very  clear,  except  on 
the  N.  fide,  where  there  was  a  fort  of  thick  fog^ 
*  March  23.  1718. 

\  1  • 
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mixed  with  fome  clouds,  which  came  out  of  the 
horizon,  and  rofe  to  the  height  of  about  3  or  4 

The  light  was  diffu fed  in  the  upper  extremity  of 
thefe  fogs  from  N.  E.  to  N.  W.  declining  about 
10  degrees  more  to  the  N.  W.  than  to  the  other 
fide,  lb  that  it  extended  through  about  90  degrees 
of  the  horizon. 

It  was  very  bright  like  the  dawn  of  the  day, 
and  was  formed  into  an  arch,  the  convexity  of 
which  was  toward  the  zenith,  its  g  reate  If  height 
being  nearly  at  an  equal  diftance  from  the  two  ex¬ 
tremities,  which  terminated  in  the  horizon,  one 
toward  the  N.  E.  and  the  other  toward  the 
N.  W. 

Its  concavity  was  terminated  by  the  fogs  which 
were  near  the  horizon,  and  in  its  upper  part  it 
arrived  at  the  beginning,  almoft  to  the  bright  (far, 
of  the  fecond  magnitude,  in  the  tail  of  the  Swan , 
which  was  elevated  8  or  9  degrees  above  the  hori¬ 
zon  ;  this  was  its  lealf  height,  for  it  increafed  con- 
fiderably  by  intervals,  rifing  fometimes  to  the  head 
of  the  Dragon,  which  was  1 1  degrees  high,  and 
and  afterwards  falling  2  or  3  degrees  lower,  fo  that 
it  had  always  a  breadth  of  5  or  6  degrees,  and 
fometimes  it  had  one  of  7  or  8. 

We  could  eafily  fee  through  this  light  not  only 
the  bright  liar  of  the  tail  of  the  fwan  of  the  fe¬ 
cond  magnitude,  but  alfo,  thofe  of  the  third  and 
fourth  degree  of  magnitude,  which  are  in  its  nor¬ 
thern  wing,  and  thole  of  the  legs  of  Hercules. 

From  7h  ~  to  ';»*  ^  there  happened  no  other  al¬ 
teration  in  the  light  than  that  of  dilating  and  con¬ 
tracting  itfelf  by  intervals.  But  a  little  before  8 
there  was  formed  a  luminous  arch,  about  2  degrees 
broad, feparated  by  a  little  fpace,  and  more  elevated 
bv  fome  degrees,  than  the  upper  extremity 

of 
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of  the  light,  which  always  preferved  the  fame 
brightnefs. 

Soon  after  this  arch  was  formed,  there  appeared 
a  fecond  above  the  firft,  which  had  almoft  the 
fame  breadth  and  brightnefs,  except  its  being 
interrupted  in  fome  places.  This  la  ft  arch  was  a- 
bout  45  degrees  elevated  above  the  horizon,  and 
was  feparated  from  the  firft  by  a  great  fpace. 

Thefe  two  arches  Lifted  but  a  little  time,  and 
foon  after  8  5,  when  they  were  dillipated,  we  favv 
through  the  whole  extent  of  the  horizontal  light, 
a  great  number  of  columns  of  light,  which  pro¬ 
ceeded  from  the  clouds,  and  crofting  the  hori¬ 
zontal  light,  rofe  perpendicularly  to  the  height  of 
about  25  degrees. 

When  thefe  columns  ceafed  to  appear,  the  hori¬ 
zontal  light  loft  its  brightnefs,  and  diminiflied  till 
8h  jy  when  it  was  no  longer  vifible. 

III.  On  the  rivers  and  rivulets  of  France, 
which  carry  gold  duji  ;  with  obfervations. 
on  the  figure  and  manner  of  collecting  fuch 
dufls ,  and  on  the  f  and  mixed  with  them  ; 
by  M.  de  Reaumur  5  tranjlated  by  Mr. 
Chambers*. 


The  new  world  has  fent  the  old  one  fuch  ftore 
of  gold  and  filver,  efpecially  after  the  firft  di(- 
covery  thereof,  that  we  are  ufed  to  confider  it  as 
the  native  country  of  thole  metals.  Dazzled 
with  the  riches  brought  us  from  Peru  and  Mexico , 
we  have  almoft  lorgot  that  the  reft  of  the  world 
could  formerly  furnifh  enough  to  iupply,  both  the 
occafionsof  commerce  and  luxury  *,  yet  the  Euro¬ 
pean  mines, efpecially  thofe  of  Germany  and  France> 
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were  very  rich,  as  had  been  abundantly  proved 
by  Agricola  in  his  treatife  de  veteribus  &  novis 

metallis . 

Notwithftanding  our  averfenefs  to  dig  in  the 
earth,  we  have  (till  fome  filver  mines  in  the  king¬ 
dom  not  utterly  abandoned ;  and  as  to  Germany 
there  are  feveral  not  only  of  that  metal,  but  even  of 
gold,  continue  to  be  wrought  with  fuccefs.  M. 
Stahl,  a  very  able  chymift,  puts  fome  of  thefe 
countries  on  a  level  with  the  richeft  in  either  India 
in  this  kind  of  produce  *,  and  is  downright  angry 
with  thofe  who  difbelieve  it.  He  afierts  that 
within  thefe  400  years  upwards  of  40  thoufand 
millions  of  filver,  befidesmany  tons  of  gold,  have 
been  procured  out  of  the  mines  of  Germany  alone. 
It  will  be  to  little  purpofe  to  add  that  the  poets 
have  given  the  epithet  Auriferi  to  feveral  of  our 
rivers,  and  even  to  fome  in  this  kingdom,  and 
yet  fome  of  the  rivers  in  France  highly  deferve  this 
title,  for  inftance  the  Ariege ,  which  derives  its 
name  from  Aurigera. 

It  is  true  our  riches  in  this  kind  are  not  very 
great,  and  the  gold  now  gathered  in  our  rivers 
is  hardly  enough  to  fubfift  the  peafants  who  are  em¬ 
ployed  therein,  for  a  few  months  in  the  year  ; 
but  they  are  at  leafl  fufiicient  to  raife  the  curiofity 
of  a  naturalift,  and  perhaps  engage  him  in  afearch 
which  might  be  more  advantageous. 

1  ft.  The  Rhine  holds  one  of  the  ftrft  ranks  a- 
mongthe  rivers  which  convey  gold  duft  with  their 
fand.  Not  that  the  duft  is  here  more  copious  and 
larger  than  in  fome  other  rivers  of  France ,  but  it 
has  the  advantage  of  running  through  an  induftri- 
ous  country,  where  they  make  the  beft  of  their  mi¬ 
neral  productions,  and  where  the  Metallurgia  is 
carried  further  than  in  any  other  part  of  Europe. 
Gold- duft  is  found  among  the  land  of  this  river, 

from 
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from  Strasburgh  to  Philips  burgh,  it  isfcarcer  be¬ 
tween  Strasburgh  and  Brifac ,  by  reafon  the  Rhine 
running  more  rapidly  there,  carries  the  g reared 
part  of  its  gold  further.  The  place  where  it  de- 
pofits  mod  is  between  Fort  Louis  and  Germcjhiem, 
the  right  of  gathering  it  belongs  to  the  lord  of  the 
grounds  through  which  it  pades.  The  magidracy 
of  Strasburgh  have  it  for  about  two  leagues  of  the 
river,  and  let  it  out  on  condition  that  they  who  ga¬ 
ther  the  gold,  (hall  fell  it  them  at  16  livres  the 
ounce,  which  they  afterwards  fell  to  thegoldfmiths 
at  a  higher  rate.  The  truth  is,  their  view  in  let¬ 
ting  it  out,  is  rather  to  preferve  the  right,  than 
for  any  profit  they  make  of  it,  there  being  hardly 
four  or  five  ounces  of  gold  brought  them  in  a 
year. The  bifhop  of  Strasburgh ,  the  earl  of  Hunan, 
and  feveral  other  lords  likewife  farm  it  out  in 
their  refpedtive  domains  on  other  conditions.  The 
people  employed  in  feeking  it  commonly  gather 
from  30  to  40  fols  per  day,  it  may  be  faid  that 
the  workmen  in  the  mines  of  Peru ,  are  not  paid 
near  fo  well  in  proportion  ;  the  mifchief  is  that  our 
labourers  are  but  few  in  number,  and  only  work 
a  imall  part  of  the  year. 

2d.  The  Rhone  in  its  padage  through  the  Pays 
de  Gex  affords  gold  enough  among  its  land  to  em¬ 
ploy  a  number  of  peafants  all  winter,  who  earn 
from  12  to  20  fols  per  day.  The  chief  bufinefs 
is  to  raife  huge  dones,  and  take  off  the  fand  (lick¬ 
ing  about  them,  from  which  fand  they  pick  the 
dud.  It  is  noc  certain  whether  the  Rhone  affords 
this  duft  from  its  own  flock,  or  whether  the  river 
Arve  do  not  import  it  with  its  waters  into  the  lame 
as  we  only  find  it  from  the  mouth  of  that  river,  to 
the  diftance  of  5  leagues  below,  at  lead  it  is  certain 
it  does  not  bring  the  gold  from  its  fource,  fince  in 
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that  cafe  it  muff  lodge  them  in  its  paflfage  of  22 
leagues  through  the  lake  of  Geneva . 

3 d  1  y .  The  river  called  le  Doux  running  through 
the  Franche  Ccmte ,  hardly  deferves  to  be  paralleled 
with  the  rivers  abovementioned  •,  its  hand  is  inter¬ 
mixed  with  grains  of  gold,  but  thofe  infuchfmall 
quantity,  that  they  are  never  looked  for  unlefs 
out  of  curiofity. 

4thly.  But  the  Ceze  though  a  fmall  river  comes 
nothing  behind  either  the  Rhine  or  Rhone  in  the 
quantity  of  its  gold-duft.  Jc  rifes  near  V tile]  or  t  in 
the  Cevennes ,  and  for  feveral  leagues  of  its  courfe 
affords  gold-duff,  in  equal  number  and  commonly 
much  larger  in  bulk  than  either  cl  thofe  rivers, 
and  the  time  (pent  in  feeking  them  is  commonly 
much  better  paid  •,  for  on  a  lucky  c:ay  they  will 
earn  upwards  of  a  pill  ole,  though  frequently  they 
go  without  any  grains  at  all. 

5thly.  The  river  Garden  which  likewife  arifes 
from  the  mountains  of  the  Cevennes ,  brings  with 
it  gold-duff  about  the  fame  rate  with  the  former. 

6thly.  The  Ariege  is  by  no  means  to  be  omit¬ 
ted,  its  very  name  claiming  a  place  for  it  in  the 
prefent  life.  It  affords  gold  in  its  whole  pafiage 
through  the  Pays  de  Foix9  but  ingreateff  plenty  a- 
bout  P ameers ;  where  it  beft  quits  the  coff  of 
feeking.  It  alio  yields  a  little  in  the  bifhoprickof 
Mirepoix. 

7thly.  A  little  crop  of  gold  duff  is  alfo  gather¬ 
ed  yearly  in  the  Garonne ,  a  few  leagues  from 
Tbcu'oufe ,  but  there  is  room  to  fuppofethat  it  owes 
them  chiefly  to  the  Ariege^  it  being  below  the  con¬ 
fluence  of  this  laff  river  that  they  commonly  feck 
it. 

othly,  and  pthly .  The  Ariege  itfelf  may  have 
perhaps  received  a  great  part  of  its  gold  from  elfe- 
where  ;  fince  feveral  little  rivulets  which  run  into 
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it  are  found  pretty  rich  in  this  way,  efpecially 
thofe  of  Ferriet  and  Benagues  *,  both  of  which 
come  from  the  heights  on  the  left,  as  we  defcend 
from  Varilhere  to  Pamiers. 

iothly.  The  Salat ,  a  little  river,  whofe  fpring, 
like  the  Ariege ,  is  in  the  Pyreneans ,  and  runs 
through  the  county  of  Couferans ,  and  the  gene¬ 
rally  of  Pan ,  rolls  gold-dull  enough  with  it  to  em¬ 
ploy  the  peafants  about  St,  Girons  fome  part  of  the 
year  in  gathering  it. 

We  may  therefore  reckon  ten  rivers  or  rivu¬ 
lets  in  the  kingdom,  which  .  yield  gold-dull 
enough  to  be  worth  the  gathering.  It  is  true  the 
crops  are  but  fmall,  and  it  were  better  to  exceed 
other  countries  in  the  quantity  of  the  matter,  than, 
in  the  number  of  places  where  it  is  found.  The 
advantage  is  vifibly  on  our  fide  in  this  lalt  re- 
fipecft ;  there  being  few  countries  of  the  compafs 
of  France ,  where  there  are  near  fo  many,  gold- 
bearing  rivers,  an  advantage  which  we  have  al¬ 
ways  had,  and  which  was  much  better  known 
heretofore  than  now.  Diodorus  Siculus  mentions 
it  as  a  privilege  peculiar  to  France  to  afford  gold, 
without  the  neceffity  of  feeking  or  working  it  by 
art.  He  adds,  that  the  antient  Gauls  had  a  me¬ 
thod  of  procuring  gold  from  their  river  lands  by 
lotion,  and  that  they  melted  it  down  and  made 
rings  bracelets,  girdles,  &c.  thereof.  Galliam  om- 
nem  fine  argento ,  fays  he,  fied  aurum  ei  a  natura 
datum  fine  arte  &  fine  labor e ,  propter  arenas  mix - 
tas  auro ,  quas  flumina  extra  rip  as  diffluent  i  a  mon - 
tefque  longo  circuitu  per  monies  ejiciunt  in  finitimos 
agros ,  quas  ficiunt  lavare  &  fundere ,  unde  homi¬ 
nes  Iff  fceminse  fiolent  fibi  annuls s ,  zonas ,  &  ar - 
millas  ccnficere. 

We  filial  1  not  fwell  our  lift  with  the  gold  rivers 
mentioned  by  feveral  authors  *  we  omit  the  Fame , 
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notwithftanding  the  authority  of  Aufonius  ;  and 
the  little  river  De  Giers  arifing  on  Mont  Pilay 
notwithftanding  the  explicite  account  given  us  by 
Du  Cboul  of  the  manner  of  gathering  its  gold. 
We  alfo  omit  the  river  De  Chencvalet  running 
through  Foreft,  notwithftanding  what  Papirius 
MaJJo  has  related  of  it :  nor  ftiall  we  dignify  the 
Lot  and  Gaves  of  the  Bearnois  with  the  title  of 
Auriferus  :  how  much  foever  has  been  faid  in 
their  behalf  on  account  of  thefe,  may  hereafter 
help  to  make  a  hiftory  compleat,  whereof  we 
now  only  give  an  eftay. — Our  defign  was  to  ad¬ 
mit  none  into  the  rank  of  golden  rivers,  but  thofe 
which  are  really  fo,  and  which  we  have  either 
Found  fuch  by  our  own  experience,  or  by  the 
moft  undeniable  teftimonies,  the  duke  oi  Orleans 
having  fent  feveral  orders  to  Mefi".  De  Baville, 
d*  Angervilliers,  De  la  Briffe,  and  Dandrezel ,  to 
gather,  with  all  poftible  care,  the  feveral  fands 
and  duft  of  the  Rhine ,  Rhone ,  Ceze ,  Gar  don,  and 
Ariege ,  which  run  through  the  refpe&ive  gene¬ 
rates,  and  tranfmitthem  hither;  upon  which  we 
have  made  obfervations,  which  ftiall  be  delivered 
in  the  fequel  of  this  memoir. 

To  give  room  however  for  further  difcoveries 
on  this  head,  we  fhall  add  a  word  about  the 
places  and  feafons  moft  fuitable  for  fuch  enqui¬ 
ries. —  The  rivers  which  yield  gold-duft,  do  not 
produce  it  in  the  places  where  we  now  find  it,  but 
have  brought  it  hither  from  elfewhere :  if  this 
need  any  proof,  it  may  have  it  when  we  come  to 
examine  their  figure.  It  is  either  the  torrents  or 
brooks  therefore  which  empty  themfelves  into  the 
river,  that  inrich  them  with  the  gold  they  have 
gathered  ;  or  the  rivers  themfelves  muft  have 
iwept  it  up  in  their  courfe  ;  the  more  rapid  the 
courle  of  the  river  is,  the  lels  eafy  will  it  be  for 

the 
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the  duft  to  precipitate,  and  the  water  will  drive 
them  along  till  they  be  deeply  enough  en¬ 
gaged  in  the  fand  to  refill  its  effort ;  and  hence  in 
iome  meafure  it  is,  that  all  parts  in  the  courfe  of 
a  river  have  not  equal  fhares  thereof,  there  being 
moll  found  in  thole  places  where  the  flream  runs 
Howell,  and  the  bed  is  wideft,  more  efpecially  in 
thofe  lets  where  the  water  begins  to  lofe  its  velo¬ 
city,  and  near  the  elbows  or  angles  where  the 
direction  of  the  llream  is  altered  ;  it  may  be  ad¬ 
ded,  that  the  Hones  at  the  bottom  of  rivers  have 
fomewhat  the  effedt  of  dikes,  and  ferve  to  Hop 
the  duft.  Accordingly  it  has  been  already  noted, 
that  the  peafants  who  leek  dull  in  the  Rhone ,  ga¬ 
ther  the  fand  which  fixes  round  the  Hones  with 
great  care ;  for  the  reft  there  is  no  occafion  to 
dig  deep  •,  the  duft-feekers  in  the  Ariege  never  go 
above  two  loot,  but  ufually  content  themfelves 
with  taking  four  inches  from  the  upper  furface 
of  the  fand. 

The  proper  time  for  this  fearch,  is  when  the 
waters  are  low,  which  gives  opportunity  for  ta¬ 
king  fand  further  off  the  edges.  For  this  reafon 
it  is,  that  the  peafants  about  the  Rhone  feek 
chiefly  for  duft  in  the  winter  time,  when  the  ri¬ 
ver  is  commonly  very  low  j  but  of  all  times  the 
moll  favourable  is  that  when  the  water  comes  to 
be  low  prefently  after  an  inundation.  Rivers  and 
torrents  a6l  more  forcibly  upon  the  ores  they  pafs 
over  while  their  waters  are  fwelled,  and  thus  fe- 
parate  more  particles  therefrom,  which  withal 
are  not  funk  fo  deep  in  the  fand,  if  care  be  taken 
to  gather  them  foon  after  the  water  is  retired. 
The  peafants  about  the  rivers  Ceze  and  Gardon 
never  baulk  thefe  promiling  occafions.  The  pro¬ 
duce  of  the  Ariege  laft  year  was  lefs  than  ufual, 
by  reafon  its  water  was  always  low.  The  grains 
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of  dull  are  frequently  fo  ffnall,  and  fo  thin  fpread 
withal,  that  they  eicape  the  fharpeft  and  moft 
attentive  eve.  The  method  therefore  is  to  ob- 
ferve  where  the  fand  is  of  a  blackifh  or  reddifh 
colour,  or  of  any  colour  in  general,  lbmewhat 
different  from  what  it  is  ellewhere.  This  fand 
they  fallen  on,  and  finding  it  to  contain,  gold,  or 
more  plenty  of  gold  than  any  of  the  reft. 

We  come  now  to  the  manner  of  feparating  the 
duft  from  the  fand,  which  feems  a  work  fit  only 
for  thofe  fabulous  ants  in  the  Indies ,  and  could 
hardly  be  expedted  from  the  induftry  and  addrefs 
of  mankind,  did  we  not  adlually  find  it  effedled 
thereby.  A  whole  bufhel  of  fand  fhall  fometimes 
only  contain  two  or  three  grains  of  gold  about  the 
■Cze  of  a  pin’s  point ;  and  yet  thefe  two  or  three 
grains  are  fought  out  and  feparated  from  the  reft 
of  the  heap  by  a  very  fimple  operation.  The 
idea  we  commonly  have  of  the  riches  of  Peruy 
will  perhaps  fet  our  duft  gatherers  in  a  pitiful 
light  f  but  it  fhould  be  confidered  how  parfimo- 
nious  nature  has  been  of  this  metal  in  every  other 
country.  M.  Frezier’s  voyage  to  the  South* Sea 
will  effedtually  cure  us  of  this  prevention.  He 
tells  us,  that  at  Copiago  in  Chily ,  the  caxon  that 
is  5000 lb.  weight  of  the  richeft  ore,  only  yields 
about  12  ounces  of  gold,  and  that  there  are  feve- 
ral  which  fcarce  yield  2  ounces  the  caxon ,  and 
confequently  hardly  defray  the  expences  of  work¬ 
ing.  Now'  to  feek  for  2  ounces  of  gold  in  5000  lb. 
weight  of  matter,  is  not  much  better  than  what 
our  duft  gatherers  have  to  do. 

The  chief  part  of  their  work  confifts  in  re¬ 
peated  lotions ;  it  is  by  waffling  the  fand  that  they 
d:  fen  gage  the  grains  of  duft  therefrom.  This 
manipulation  makes  the  bale  of  the  preparation  of 
moft  ores,  and  has  accordingly  been  defcribed  at 

large 
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large  by  Agricola ,  Ercker ,  and  the  other  meta- 
lurgifts.  It  may  not  however  be  amils  to  relate 
the  methods  of  wafhing  the  fand  pradtifed  in 
France ,  which  comes  naturally  enough  within  the 
fcheme  of  the  hiftory  of  our  gold-bearing  rivers ; 
and  they  who  are  not  much  converfant  among  the 
antients,  will  here  find  the  chief  circumftances  of 
that  work. 

Having  placed  the  Rhine  at  the  head  of  our 
lift,  we  (hall  alfo  begin  with  the  method  of  walk¬ 
ing  its  fand. — After  the  wafher,  which  is  now  the 
name  of  our  duft  gatherer,  has  pitched  on  a  pro- 
mifing  place  at  the  edge  of  the  river,  he  fits  his 
little  implements,  which  is  done  without  much 
ado.  The  chief  member  is  a  board  about  5  foot 
Jong,  1  and  \  broad,  and  2  inches  thick  on  each 
fide  ;  and  at  one  end  whereof  is  a  little  ledge 
about  an  inch  and  {  high  ;  then  refting  the  ledged 
end  on  the  ground,  he  places  the  other  on  a  trefsle 
about  a  foot  and  \  high  *,  and  on  this  inclined 
board  flightly  nails  three  pieces  of  thick  cloth, 
each  about  the  breadth  of  the  board,  and  a  foot 
long.  The  firft  is  faftened  at  the  upper  end  of  the 
board}  the  fecond  within  a  foot  of  the  firft,  and  the 
third  at  a  like  diftance  from  the  fecond.  On  the 
tipper  end  of  the  board  he  alio  faftens  a  kind  of 
wicker  bafket,  whofe  bottom  is  oval,  and  its  con¬ 
vexity  turned  towards  the  lower  end  of  the  board  : 
this  bafket  is  the  firft  fieve  through  which  the  land 
is  to  be  palled,  in  order  to  feparate  the  ftones  and 
gravel  therefrom. 

Near  this  little  machine  he  gathers  a  heap  of 
the  river  fand,  and  with  a  fhovel  fills  the  baftket 
therewith  ;  after  which  with  another  fhovel  he 
takes  up  water,  of  which  there  is  no  want,  and 
throws  it  into  the  bafket  •,  the  water  diluting  the. 
fand,  carries  it  with  it  through  the  fieve,  into 
Vol.V.  N°.  $3.  si  which 
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which  the  wafher  continues  ftrowing  new  water 
till  there  he  none  left,  but  what  is  too  grofs  to 
pafs :  this  being  removed,  he  fills  the  bafket  with 
land  a  fecond  time  •,  and  thus  continues  fitting  for 
fome  time  by  the  means  of  water. 

The  corpufcles  carried  off  by  the  water  may 
be  diftinguifhed,  with  regard  to  their  bulk  and 
weight  into  three  kinds  ;  firft,  the  earth,  duff  and 
every  thing  fine  and  light,  is  carried  by  the  water 
to  the  bottom  of  the  board  :  fecondly,  the  groffer 
matters  being  impelled  both  by  the  water  and 
by  their  own  weight,  frequently  Jikewife  go  as  far 
as  the  bottom  of  the  board  j  but  the  grains  of  gold 
are  fo  fine,  that  there  is  no  danger  of  their  being 
mixed  among  thefe  :  thirdly,  the  fine,  yet  heavy 
grains,  which  could  not  be  moiftened  and  foftened 
like  the  duff  in  their  paffage  along  the  board,  are 
detained  by  the  nap  of  the  cloth,  which  is  to  them 
like  fo  many  little  dikes  placed  from  fpace  to 
lpace,  which  they  are  unable  to  furmount.  It  is 
among  this  Jafl  kind  of  matter  that  the  gold  dull  is 
found,  which  is  here  further  blended  with  a  bulk 
of  land  much  greater  than  their  own. 

After  filling  the  bafkets  a  certain  number  of 
times,  the  pieces  of  cloth  are  found  covered  over 
with  find,  and  no  longer  in  a  condition  to  flop 
any  more :  upon  this  they  take  them  off,  and  wafh 
them  in  a  tub  of  water,  to  take  off  the  fand  they 
have  catched.  Then  tacking  them  on  the  board 
a  fecond  time,  they  repeat  the  fame  operation  a 
frefh,  and  thus  continue  to  do  till  a  certain  quan¬ 
tity  of  this  fand  have  been  gathered. 

The  method  of  wafhing  hitherto  has  been  grofs, 
and  they  proceed  now  to  manage  it  with  more 
precaution,  putting  fome  of  the  land  in  a  wooden 
vcffel,  hollowed  like  a  boat.  The  wafher  fills 
this  boat  with  water,  then  taking  it  in  both  hands, 

he 
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he  fhakes  it  lightly,  after  a  manner  not  unlike 
that  ufed  in  fifting  corn,  as  in  reality  the  end  of 
thofe  two  operations  is  much  the  lame.  The  fif- 
ter’s  defign  is  to  bring  the  chaff  and  light  grains 
uppermoft,  and  the  intention  of  the  wafher  is  alfo 
to  bring  the  lighted  fand  over  the  other,  and  give 
opportunity  for  the  heavier  grains  to  defcend  to 
the  bottom  of  the  velfel ;  for  the  water  in  raifing 
the  light  grains,  and  leparating  from  them  the 
heavier,  affords  thofe  latter  a  means  of  difenga- 
ging  themfelves  from  the  reft,  and  flipping  down. 
Lattly,  after  a  quantity  of  the  lighter  grains  has 
got  a- top,  they  pour  the  water  gently  oft,  which 
carries  them  with  it.  For  the  reft  it  is  eafy  to  fee 
whether  it  be  light  grains  that  are  a-top,  their 
colour  being  different  from  that  of  the  reft,  and 
generally  whitifh.  When  the  veffel  is  fet  in  an 
inclined  fituation,  there  are  three  rows  or  ftrdta 
of  different  matter,  diftinguifhable  between  the 
top  and  bottom,  being  there  ranged  in  the  order 
of  the  fpeciftc  gravities, 

This  fimple  operation  requires  a  great  deal  of 
patience  and  addrefs.  They  who  make  a  praclice 
of  effaying  ores  are  thoroughly  acquainted  with  it, 
it  being  after  this  manner  that  they  feparate  the 
metalline  parts  or  r amentum  from  the  earth  and 
fand. 

'  In  the  courfe  of  this  fifting  of  the  water,  they 
continue  to  take  away  the  light  white  fand,  till 
what  remains  appearing  of  a  deeper  colour, 
fparkles  of  gold  begin  to  fliew  themfelves  there¬ 
in.  In  the  fand  of  the  rivers  Ceze,  Ariege ,  and 
Gar  don,  they  fometimes  on  this  occafion  meet 
with  pieces  big  enough  to  be  taken  out  by  the 
hand. 

In  fine,  when  after  feveral  repeated  lotions  the 
ftir.d  which  comes  a-top  appears  but  little  different 
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from  what  remains  underneath,  or  when  there  is 
but  very  little  of  it,  they  ceafe  this  operation,  and 
the  fand  is  in  the  condition  it  fhould  be  for  pick¬ 
ing  out  the  duft. 

Notwithftanding  all  the  ufelefs  matter  that  has 
been  taken  away,  what  remains  is  ftill  infinitely 
greater  than  the  quantity  of  dud,  which  is  but 
juft  perceivable,  here  and  there  difperfed  among 
the  reft,  efpecially  when  it  happens  to  be  fmall, 
as  is  that  of  the  Rhine  and  Rhone.  The  fepara- 
tion  however  is  compleated  by  another  lotion,  as 
I  may  call  it,  with  mercury.  The  fand  being 
dried  and  heated,  mercury  is  poured  thereon, 
which  being  kneaded  together  with  the  hand,  that 
no  interftice  may  remain  between  the  grains  of 
fand,  the  mercury  lays  hold  of  what  gold  it  meets 
with,  and  leaves  the  ufelefs  matter  alone.  This 
matter  is  eafily  afterwards  feparated  from  the 
mercury  by  lotions  in  water. 

The  method  of  procuring  the  gold  from  the  mer¬ 
cury  mixed  with  it,  is  (ufficiently  known  :  they 
put  it  in  a  piece  of  fhammy  fkin,  and  preffing  it 
dole,  oblige  the  mercury  to  pafs  through  the 
fkin,  leaving  the  gold  alone  behind.  What  little 
mercury  ftill  remains  of  the  gold,  is  made  to  eva¬ 
porate  by  placing  it  in  a  crucible  over  the  fire. 

Thus  much  lor  the  method  of  procuring  gold 
from  the  Rhine  ;  for  the  other  rivers  we  need 
only  fpecify  wherein  the  pradice  differs  from  this. 
— The  fand  walkers  of  the  Rhone  make  uie  of  a 
board  or  plank  like  the  former  \  but  in  lieu  of 
faftemng  pieces  of  cloth  thereon,  cut  grooves  or 
furrows  acrofs  it  about  4  inches  afunder,  two  lines 
deep  and  four  broad.  In  thefe  furrows  the  land 
flicks,  as  before  in  the  nap  of  the  cloth. 

The  fand- walkers  of  the  rivers  Ccze  and  Gor¬ 
don  fpread  a  covering  over  the  plank,  fome  of 
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goat’s  fkin,  others  of  hair,  and  others  of  wool* 
The  grains  of  gold  in  thefe  rivers  being  larger 
than  thofe  of  the  Rhine ,  require  proportionably 
higher  and  ftronger  dikes. 

In  fome  parts  of  thefe  two  laft  rivers  the  pea- 
fants  watch  the  time  of  their  fwelling,  and  when 
it  comes  cover  their  mill-dams  with  fheep-fkins. 
The  waters  coming  to  overflow,  depofite  their 
gold-duft  thereon.  Thefe  fkins,  though  lefs  rich 
than  thofe  of  the  Argonauts ,  might  yet,  like 
theirs,  have  become  golden  fleeces,  if  the  poets 
had  fo  plea  fed. 

The  fand-wafhers  of  the  Ariege  do  not  ufe  the 
inclined  planks,  but  begin  and  end  their  lotions 
in  a  kind  of  fhallow  wooden  platters,  which  they 
fill  with  water,  or  even  work  and  agitate  in  the 
river  itfelf ;  there  is  no  harveft  without  fome  lofs 
of  the  matter,  which  is  its  object  *,  of  which  we 
have  an  inftance  in  the  gold-duff.  If  it  be  not 
wafned  with  the  utmoft  care,  the  fmaller  grains 
will  be  carried  off  with  the  land  •,  and  they  arc 
fometimes  fo  very  thin,  that  all  the  addrefs  of  the 
workmen  is  not  fufficient  to  flay  them  *,  gold 
leaf,  every  body  knows,  will  fwim  on  the  wa¬ 
ter,  and  experience  has  inftrudted  me,  that  if 
they  be  im merged  to  the  bottom,  they  will  rife 
to  the  furface  with  a  velocity  equal  to  that  of  the 
lighteft  bodies  •,  and  the  calx  of  the  gold  duff  of 
the  Ariege  affords  us  another  infiance  of  gold 
lwimming  in  water.  The  natural  grains  of  gold 
duft  may  not  perhaps  be  fo  thin  either  as  the 
gold-beater’s  leaves,  or  as  the  grains  of  the  gold 
calx  of  the  Ariege }  and  yet  be  thin  enough  to 
give  way  too  eafiiy  to  the  motions  of  the  water. 

Nor  is  it  certain  that  the  wafhers  get  all  the 
gold  out  of  rhe  fand  which  they  have  retained 
therein  ;  they  pour  their  mercury  on  it  with  as 

little 
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little  precaution  as  we  fhould  pour  it  on  water 
gold  to  make  an  amalgama,  and  yet  there  are 
feveral  circumftances  wherein  mercury  will  not 
a6t  upon  gold  :  thus  a  little  fat  or  greafinefs  on 
the  furface  of  the  gold,  is  enough  to  hinder  its 
effect.  The  Indians ,  who  work  mod  of  their 
mines  with  mercury,  take  otherguife  pains  to 
make  it  take  up  the  metal,  and  yet  notwi  hftand- 
ing  all  they  can  do,  the  geld  and  filver  fometimes 
gets  off.  Yet  numerous  inffances  of  this  kind  re¬ 
lated  by  Alphonfo  Barba ,  who  may  be  faid  to  be 
for  the  Indian  mines,  what  Agricola  is  for  the 
German  ones ;  he  even  mentions  fome  cafes 
wherein  the  mercury  turns,  as  he  calls  it,  into 
water  ;  that  is,  becomes  fo  attenuated  and  divi¬ 
ded  that  it  is  loft  itfelf.  One  would  fufpoft  that 
the  Indians  themfelves  lofe  a  good  deal  of  gold 
by  being  too  fparing  of  their  mercury.  M.  Pre¬ 
mier  relates  that  they  fometimes  put  io,  fome¬ 
times  15,  and  fometimes  20  lb.  of  mercury  to 
|  a  caxon ,  or  25  quintals  of  matter.  Now  I  have 
put  mercury  in  the  greateft  of  thele  proportions, 
which  is  as  1  to  125,  upon  the  fand  of  the  river 
Gardon ,  and  to  facilitate  the  amalgama  added 
fait  and  vinegar,  grinding  the  whole  together  till 
the  grains  were  no  longer  vifible  :  and,  laftly,  to 
iupply  the  defeat  of  the  hot  air  of  India ,  to 
which  the  caxons  lie  expofed  near  the  fpace  of 
three  weeks,  I  heated  the  mixture  with  fire;  the 
effed  was  that  the  mercury  did  take  up  the  gold, 
but  did  not  take  it  all,  for  after  feparating  the  fand 
from  it,  we  caft  a  double  dofe  of  mercury  upon 
the  fame  find,  which  brought  away  almoft  as 
much  gold  as  the  former. 

The  wafhers,  it  is  to  be  obferved,  rarely  under¬ 
take  a  large  quantity  of  fand,  without  fir  ft  exa¬ 
mining  what  they  may  expert  from  it  ;  they 
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begin  by  effays,  as  all  thofe  do  who  undertake  to 
work  mines,  finding  pretty  nearly  at  what  rate 
their  time  will  be  paid  for,  by  the  quantity  of 
gold  which  they  get  from  feveral  little  parcels  of 
the  finds  taken  in  different  parts  of  the  ftrand. 
Upon  thele  efiays  they  are  led  to  wafh  the  fand 
in  that  part  rather  than  the  neighbouring  ones. 

All  the  gold-dufts  we  have  obferved,  are  very 
irregularly  figured,  and  yet  have  this  in  common, 
that  the  grains  are  all  fo  many  little  plates  \  I 
mean,  that  they  are  not  to  be  confidered  as  fhaped 
like  grains  of  fand,  but  are  lefs  in  thicknefs  than 
in  any  other  way.  It  appears  as  if  they  had  been 
difpoled  in  layers  or  leaves  in  the  ore  ;  and  they 
are  fometimes  found  palpably  foliated  when  view¬ 
ed  with  a  magnifier.  They  are  not  however  to 
be  conceived  with  the  thinnefs  of  leaf-gold,  being 
thick  enough  for  that  dimenfion  to  be  perceive - 
able,  and  withal  to  give  them  a  fufficient  folidity. 
Their  figures,  notwithftanding  their  irregularity, 
always  approach  towards  a  round  •,  fo  that  they 
may  be  confidered  as  a  kind  of  little  cakes*,  their 
corners  in  effedt  have  necefifarily  been  broke  off  in 
their  fridtion  againft  the  fand,  while  driven  along 
by  the  water. 

Among  thofe  of  the  rivers  Ceze  and  Garden 
we  frequently  meet  with  feme  a  line  and  \  in  di¬ 
ameter,  though  there  are  more  of  thofe  not  above 
a  line,  or  even  half  a  line.  In  the  Ariege  there 
are  fome  full  two  lines  the  longed  way  *,  thofe  of 
the  Rhine  are  much  fmaller,  and  thofe  of  the 
Rhone  fmaller  even  than  tnefe  :  but  I  have  always 
found  the  figure  much  the  fame  in  the  fmalleft  as 
in  the  larger. 

It  is  affirmed  however  that  grains  have  fome¬ 
times  been  gathered  in  the  Rhone  as  large  as  mil¬ 
let  feeds,  or  even  as  vetches ;  and  the  Germans 
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alledge  Tome  taken  out  of  their  rivers  as  big  as 
beans ;  but  thefe  are  but  mites  compared  to  thofe 
huge  pieces  of  gold  found  in  Peru  and  Mexico , 
though  inlarged  perhaps  in  the  recital.  Father 
Few.  I  lee,  whom  we  may  credit,  affures  us  he  has 
feen  a  pepit,  which  is  the  name  they  give  thefe 
extraordinary  pieces,  in  the  cabinet  of  Antcnio 
Portocarero ,  which  weighed  66  marks  and  fome 
ounces  *,  and  one  was  Ike  wed  the  academy  in 
1716,  which  weighed,  as  we  have  been  allured, 
56  marks  *,  it  was  in  figure  of  a  heart,  and  be¬ 
longed  to  Don  Juan  de  Mur ,  formerly  corregidor 
of  Arica.  M.  Frezier,  who  makes  mention  of 
this  pepit  in  his  voyages,  quotes  another  bought 
by  the  count  de  la  Moncloa ,  viceroy  of  Peru ,  to 
be  prefented  to  the  king  of  Spain ,  which  weigh¬ 
ed  64  marks.  But  thefe  pepits  feem  as  extraor¬ 
dinary  to  the  inhabitants  of  the  Indies  as  to  us. 
They  are  properly  intire  pieces  of  ore  detatched 
or  left  bare  by  rapid  torrents ;  and  we  know  not 
how  large  the  pieces  of  gold  may  be  which  have 
fo  long  furnifhed  our  rivers  with  duh.  It  is  pro¬ 
bable  we  fhould  have  pepits  at  home,  if  fome 
extraordinary  torrent  or  hidden  inundation  (hould 
tear  away  at  once  what  is  only  carried  off  piece¬ 
meal  in  a  number  of  years. 

In  fome  places  the  river  gold  grows  to  frag¬ 
ments  of  hones,  of  which  we  have  inhances  in  Fa¬ 
ir  itius  \  the  reafon  is,  that  the  veins  of  ore  are  only 
a  kind  of  {lender  threads  which  are  clofely  united 
to  the  hone  *,  fo  that  the  fame  impulfe  which 
carries  off  the  leaf  of  gold,  carries  off  the  hone 
it  hicks  to.  But  we  have  all  the  probability  that 
the  gold  is  in  large  maffes,  in  fuch  places  where 
it  is  detached  in  pure  grains. 

The  fand  wherewith  thefe  grains  are  mixed,  is 
itfclf  a  kind  0:  treafure  to  the  obfervers  of  nature. 

Though 
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Though  the  wafhers  throw  it  away  as  ufelefs,  we 
may  cii(t mgu  1  fh  three  kinds  thereof,  viz.  white, 
red,  and  black. — The  white  fand  carried  off  by 
the  firft  lotions,  when  viewed  by  the  microlcope, 
appears  compofed  of  cryftals  like  thofe  of  com¬ 
mon  fand>  and  accordingly  may  be  reckoned  as 
fuch. 

The  reddifh  fand  when  viewed  by  a  micro- 
fcope,  or  even  a  magnifier,  affords  the  fineft 
fpedacle  in  the  world,  being  an  affemblage  of 
all  the  transparent  and  coloured  ftones  known 
among  jewellers ;  it  is  nothing  but  rubies,  fa- 
phires,  emeralds,  hyacinths,  &c.  The  ftones  mod 
common  in  it  are  of  the  feveral  fhades,  from  the 
colour  of  a  balas  ruby,  to  that  of  a  hyacinth,  and 
hence  the  rednefs  of  this  find  to  the  naked  eye. 
Saphires,  topaffes,  and  emeralds  are  more  rare, 
and  yet  we  find  very  beautiful  ones  among  the 
reft. 

As  to  the  black  fand,  it  is  aim  oft  all  iron,  and 
accordingly  affeCted  by  the  loadftone,  as  if  it 
were  iron  filings  itfelf.  This  fand  is  much  more 
copious  among  that  of  the  Rhone  than  that  of  the 
Rhine.  I  have  drawn  from  the  former,  by  a 
knife  touched  with  the  loadftone  almoft  j  of  the 
quantity  in  iron,  which  makes  me  imagine  that 
the  walkers  might  make  good  ufe  of  fuch  knives 
to  difengage  the  gold  from  a  great  part  of  the 
ufelefs  matter  :  this  would  be  more  expeditious 
than  by  the  laftlotions;but  then  care  muft  be  taken 
to  dry  the  fand  ere  it  be  p  re  fen  ted  to  the  knife, 
otherwife  the  ruft  would  fpoil  it. 

There  is  fome  of  the  black  fand  however  upon 
which  the  knife  will  not  aCt,  and  which  probably 
is  not  iron,  fince  though  expofed  fometime  to  the 
fire,  it  becomes  no  more  attractable,  and  yet  the 
weight  of  this  find  feems  to  prove  it  metalline  ; 
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bun  there  being  but  little  of  this  mixed  among 
a  great  deal  of  the  red  fand,  it  is  not  eafy  to 
make  a  trial. 

The  red  fand,  or  that  confifting  of  a  heap  of 
grains  of  lively  but  different  colours,  is  alio  of  a 
weight  approaching  that  of  a  metalline  fand,  as 
being  incapable  by  lotion  of  being  feparated  from 
grains  of  iron,  though  the  fize  of  fuch  grains  be 
but  little  bigger  than  their  own  ;  whence  we  infer 
that  this  alfo  contains  metalline  parts. 

Veins  of  ore  are  commonlv  iurrounded  with 
tranfparent  ftones  like  cryftals,  only  fofcer  ;  they 
are  called  fluors  becaufe  they  melt  eafily  by  the 
fire,  and  are  ufed  in  fuzing  the  ore ;  thefe  two 
are  of  different  colours,  and  there  may  be  room 
to  take  our  grains  of  fand  for  fragments  of  fuch 
ftones. 

I  am  inclined  however  to  confider  thefe  grains 
of  fand  as  fo  many  coloured  ftones  of  fuch  hard- 
nels  as  this  kingdom  is  able  to  furnifh,  and  that 
upon  the  following  obfervation.  in  the  Pay  cn 
Relay  we  meet  with  ftones  of  different  colours, 
which  are  of  fome  value  among  jewellers,  when 
fufficiently  big. They  are  gathered  in  a  rivulet  cal¬ 
led  Peroulliou ,  and  feparated  from  the  fand  by 
lotion  :  the  fand  mixed  with  them  only  differs 
from  that  found  among  the  gold  duft,  as  gravel 
differs  from  common  land.  I  have  leen  ftones  of 
all  colours  among  this  land,  but  hyacinths  pre¬ 
vail  the  molt,  as  they  alfo  do  among  our  fand. 
In  fine,  what  compleats  the  refemblance  is,  that 
thefe  ftones  are  intermixed  with  a  black  land,  or 
which  was  fent  us  for  fuch,  and  which  upon  our 
examining  it  with  a  magnetical  knife,  was  readily 
attracted  thereby. 

The  grains  of  the  fand  found  in  the  Rhine  are 
of  deeper  colours  than  thole  of  the  Rhone.  Thefe 
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latter  are  frequently  only  a  very  flight  tinCture  of 
carnation,  like  a  pale  balasruby;  and  yet  there 
are  topaffes,  emeralds,  £s?r.  found  among  them. 

There  is  no  need  to  note  why  we  have  laid 
down  black  land,  and  fand  of  a  different  colour 
from  the  common  fand,  as  indications  of  the  mod 
advantageous  places  for  feeking  the  duff.  It  is 
not  that  they  have  any  immediate  relation  to  each 
other,  but  if  the  river  have  fwept  away  any  dud, 
it  muff  let  them  fettle  among  the  other  heavy 
matters.  But  befide  the  three  fpecies  of  fand 
above  mentioned,  there  is  a  fourth  found  in  fome 
rivers,  which  has  fometimes  puffed  the  duff  feekers 
up  with  a  vain  expectation.  This  fand  is  com¬ 
mon  in  the  river  Gar  don ,  being  only  an  affem- 
blage  of  talky  grains,  with  all  the  colour  and 
luftre  of  the  fined  gold  ;  and  indead  of  lofing 
this  colour  by  the  fire,  it  raifes  and  improves  it. 
There  was  a  mine  found  fome  years  ago  at  Vigean 
towards  the  upper  Poitou ,  which  made  a  good 
deal  of  noife  upon  the  appearance  of  thefe  falla¬ 
cious  grains  *,  the  matter  of  the  ore  was  very  black 
and  hard,  but  when  expofed  to  the  fire  became 
intermixed  with  gold  fparkles,  at  lead  they  were 
taken  for  fuch,  the  fire  giving  a  gold  colour  to 
the  talky  particles  found  therein. 

Yet  the  talky  grains  may  be  fafely  didinguifhed 
from  the  golden  ones,  without  making  any  eflay  ; 
they  need  only  be  viewed  with  a  magnifier.  The 
corners  and  edges  of  the  gold  dud  we  have  obfer- 
vcci  are  always  rounded,  which  is  never  found  in 
the  talky  ones  ;  friClion  may  break  them,  but  can 
never  fmooth  or  polifh  them  •,  fo  their  edges  dill 
remain  fharp  or  uneven,  a  property  which  always 
attends  talcs. 

’Tis  remarkable  that  the’  gold  be  the  rared  of 
all  metals,  yet  the  rivers  which  yield  dud  thereof, 
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are  more  numerous  than  thofe  of  any  other  metal, 
excepting  iron,  which  is  fo  plentiful  in  Europe , 
and  efpecially  in  this  kingdom,  that  there  is  no 
place  without  it.  There  are  few  rivers,  for  in- 
ilance,  which  carry  filver-ciufl,  as  has  been  well 
oblerved  by  CbarUtcn  in  his  Onomafti con.  The 
fame  is  remarked  by  Fabricius ,  who  adds,  that 
there  are  none  in  Germany  ;  and  fome  metalur- 
gifts  make  a  doubt  whether  there  be  any  at  all. 
So  likewife  there  are  but  few  rivers  which  yield 
either  lead,  tin,  or  copper  pure. 

But  though  it  be  granted  that  geld  is  more 
frequently  found  pure  in  its  mine  than  moft 
other  metals,  the  reafon  hereof  will  (till  remain 
to  be  explained.  All  we  can  add  is,  that  when 
once  formed  it  may  maintain  itfelf  along  while 
in  any  place  where  it  may  chance  to  be  carried, 
as  not  being  fubjedt  to  fo  many  alterations  as 
other  metals  ;  add,  that  being  fofter  than  either 
filver  or  copper,  it  is  eafier  to  be  feparated  by  the 
current  of  rivers. 

When  we  fay  that  gold  is  found  pure  in  the 
mines,  we  only  mean  that  it  appears  fuch,  and  is 
already  malleable  ;  not  but  there  may  be  other 
metalline  or  mineral  particles  mixed  along  with 
it;  art  itfelf  can  hardly  purify  it  to  fuch  a  degree, 
either  by  the  depart  o:  by  antimony  ;  it  is  al- 
moft  always  alloyed  either  with  copper  or  filver, 
and  commonly  with  both.  We  have  effayed  the 
gold  of  fuch  of  our  rivers  as  we  could  get  a  fuffi- 
cient  quantity  of,  and  find  that  the  gold  of  the 
river  Ceze  is  18  caradts*8  grains  fine  ;  fo  that  be¬ 
fore  it  be  refined,  it  contains  near  ^  of  its  weight 
in  copper  or  filver.  That  of  the  Rhone  contains 
cnly  a  6th  part  of  thofe  foreign  matters,  being 
ao  caracts  fine  ;  that  of  the  Rhine  is  21  caradts 

and 
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and  and  that  of  the  Ariege  being  the  pureft  of 
all  others  22  carads  and  f . 

4  •  * 

We  do  not  pretend  by  thefe  effays  to  fix  ltan- 
dards  for  the  gold  of  thofe  different  rivers,  all  that 
can  be  learned  from  them  is  that  one  yields  a  purer 
gold  than  another,  for  the  degree  of  finenefs  is  vari¬ 
able  even  in  the  fame  piece  of  gold  *  the  large  pe - 
pit  fhovvn  the  academy  was  23  carads  j  in  one 
place,  23  in  another,  and  22  in  another;  that  men¬ 
tioned  by  father  Feuillee  was  22  carads  2  grains, 
in  its  upper  part,  2 1  carads  j  a  grain  a  little  low¬ 
er,  and  within  2  inches  of  the  bottom  only  17  j ; 
nor  do  I  lee  why  fome  authors  fhould  be  fo  per¬ 
plexed  to  account  for  this  diverfity  ;  it  is  a  common 
cafe  for  a  piece  of  ore  to  be  richer  in  one  place 
than  another,  the  like  of  which  alfo  holds  in  the 
mine  itfelf,  and  the  wonder  would  be  if  it  were 
other  wife. 

We  have  alfo  effayed  feveral  grains  of  the  fame 
rivers,  with  as  much  exadnefs  as  their  little 
bulkwould  admit  of, that  is  by  the  touchilone  alone. 
An  effay  of  this  kind  is  not  enough  to  determine 
the  precife  finenefs,  but  may  fufnce  to  fhew  that 
different  grains  of  the  fame  river  duff  are  different 
therein. 


IV.  An  account  of  an  extraordinary  kind 
of  iron  ore  found  in  the  Pays  de  boix ;  with 
fome  ref  e diions  on  the  manner  wherein  it 
was  formed ;  by  ilf.de  Reaumur;  tran - 
fated  by  Air.  Chambers*. 

In  a  former  memoir  upon  iron  ores,  I  have 
noted  the  principal  diverlities  of  figure,  ftrudure, 
and  colour  which  occur  therein,  and  after  diftri- 

*  June  15,  1  718, 
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buting  them  with  regard  to  thefe  diverfities  into 
genera  and  fpecies ;  I  fubjoined  fomething  con¬ 
cerning  their  formation,  advancing  that  from  what 
I  had  obferved  of  their  drudlu re  both  internal  and 
external;  it  clearly  appeared,  ill,  that  the  pro¬ 
duction  of  iron  ores  like  that  of  Hone  is  continued 
every  day.  2dly,  that  the  ore  newly  produced 
owes  its  formation  to  iron  diffolved  in  fome  fluid, 
for  inftancein  water,  or  in  water  impregnated  with 
fome  other  d  idol  vent,  and  that  this  iron  was  de¬ 
tained  in  Hones,  clods  of  earth,  or  other  matter, 
which  hereupon  became  iron  ore.  I  further  added 
that  to  account  for  the  formation  of  the  grains,  or 
round  bits  of  ore,  which  like  bezoards  or  onions 
confi Hs  of  feveral  coats  or  Jtrata ,  we  mull  fuppofe 
that  fome  drops  of  the  fluid  impregnated  with  iron 
had  fallen  from  the  top  of  the  vault  or  cavern  to 
the  bottom,  and  there  formed  the  grains  of  ore, 
as  the  drops  of  water  impregnated  withHony  mat¬ 
ter  form  thofe  little  round  prominences  found  in 
grottos  under-ground.  In  a  word,  as  the  common 
caverns  only  difbil  a  water  impregnated  with  a 
meer  Hony  orcryflal  matter,  I  fuppos’d  that  there 
are  other  caverns  where  the  water  diddling  from 
them  contained  a  ferruginous  matter, and  thatwhere- 
as  the  concretions  of  the  former  caverns  were 
ftones  or  ftalattites  or  crydals  of  diverfe  kinds, 
the  concretions  of  the  latter  were  iron  ore. 

This  reafoning  though  chiefly  founded  on  ana¬ 
logy  had  a  great  fh are  of  probability  ;  it  is  allow¬ 
able  even  in  phylicks  to  advance  conjectures, 
provided  we  only  confider  them  as  fuch,  until  we 
we  have  found  out  proofs  which  deferve  another 
name ;  and  fome  pieces  of  iron  ore  lent  to  the 
duke  of  Orleans  from  thePtryj  de  Foix,  feerri  hap¬ 
pily  to  demondrate  the  truth  of  what  I  have  ad¬ 
vanced  in  the  prefent  indance. 


Some 
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Some  of  the  pieces  from  the  mine  of  Gudannes , 
are  fo  very  fingular,  that  at  firft  fight  one  would 
take  them  for  the  works  of  art,  and  every  body  I 
fhowed  them  to  took  them  accordingly  for  fuch. 
One  would  imagine  that  they  had  been  covered 
over  with  a  coat  of  the  blacked  amel,  the  mid 
they  are  furrounded  with  only  differing  from  amel 
in  this,  that  it  is  harder,  fmoother,  and  more: 
gloffy;  its  hardnefs  is  equal  to  that  of  cryflal,  and 
its  colour  to  that  of  the  finefc  jet,  and  yet  it  is  cer¬ 
tain  this  coat  is  the  work  of  nature,  for  befides  that 
art  cannot  come  up  to  fuch  a  hardnefs,  we  find  all 
the  in  fide,  to  the  very  centre,  poffeffed  by  a  mat¬ 
ter  in  all  refpeds  like  that  of  a  common  ore,  and 
the  radii  of  the  external  coat  are  all  directed  to  this 
fubdance  *,but  what  is  mod  confiderable  in  the  out- 
fide  of  the  ore,  at  lead  to  a  naturalift,  is  the  in¬ 
equalities  which  to  another  perfon  would  perhaps 
feem  a  disfigurement  \  thefe  inequalities  rife  pro¬ 
minent  being  they  are  broader  and  thicker  at  one 
end  than  the  other,  like  what  we  call  ftalavlites , 
or  thofe  congelations  produced  by  a  dripping  li¬ 
quor,  their  figure  is  a  proof  of  this,  and  this  proof 
is  rendered  compleat  by  their  direction,  they  hav¬ 
ing  all  of  them  the  fame  di red: ion  as  heavy  bodies 
have,  which  defcend  freely. 

If  thele  pieces  afford  us  indances  of  iron  ore  form¬ 
ed  like  the  congelations  dicking  on  the  vaults  of 
caverns,  the  fame  mine  furnifhes  other  pieces, 
which  if  vifible  had  been  formed  like  the  conge¬ 
lations  at  the  bottom  of  caverns,  the  drudiure  and 
arrangement  is  the  fame  in  thofe  congelations  and 
our  ores,  the  coats  are  in  fome  meafure  waved,  and 
compofed  of  drops  fallen  one  upon  another. 

But  it  is  obfervable  that  thefe  latter  pieces  of  ore 
are  inferior  in  lufl re  to  the  former,  their  colour 

having 
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having  been  altered  by  the  mixture  of  fome  other 
fofter  and  lefs  tranfparent  matter. 

]f  it  be  enquired  what  the  matter  is  which  gives 
the  firft  kind  of  ore  its  fine  coat,  there  will  be  no 
great  difficulty  in  finding  it,  the  place  where  it  is 
made  being  the  fame  wherein  cryftals  are  formed, 
leads  us  to  imagine,  that  whereas  the  common  ores 
have  an  earthy  matter  for  their  bafe,  this  has  a 
Cryftalline  one,  which  cryftal  being  penetrated  by 
the  iron,  forms  a  natural  black  amel,  as  art  like- 
wife  ufes  iron  to  make  the  amel  of  this  colour. 
M.  Lemery  has  proved  that  there  is  no  matter  fo  fit 
as  iron  to  afford  a  black  colour,  it  being  to  this 
that  ink  owes  its  hew  ;  if  any  further  proof  were 
required,  that  it  is  the  cryftalline  matter  makes 
the  bafe  of  a  black  cruft,  it  might  be  had,  from 
fome  pieces  of  ore  furnifhed  from  the  fame  mine ; 
in  fome  of  thefe  pieces  I  have  found  actual  cryftal- 
lizations  it  ill  white  and  tranfparent,  as  having  not 
yet  been  mixed  with  any  of  the  ferruginous  matter 
nor  tinged  therewith ;  nor  need  it  be  apprehended 
that  this  cruft  fhould  prove  lefs  rich  in  metal,  be- 
caufe  cryftal  is  its  bafe.  I  have  el  few  he  re  found 
ores  of  the  like  colour,  for  inftance  thofe  mixed 
among  the  ftones  du  Pui  en  Velay ,  the  grains  where 
of  would  yet  be  attra&ed  by  an  animated  knife, 
like  pure  iron  itfelf. 

V.  Of  the  magnitude  and  figure  of  the  earth  ; 

by  M.  Caffini*. 

There  is  not  any  thing  that  appears  more  wor¬ 
thy  of  our  inquiries,  than  to  know  the  magnitude 
and  figure  of  the  earth,  nor  does  any  thing  appear 
more  difficult  to  be  undertaken. 

*  November  12  1718. 


For 


Royal  Academy  oj  Sciences.  329 

For  how  fliall  we  meafure  this  vaft  extent  of 
continents,  the  furface  of  which  is  covered  with 
an  infinite  number  of  mountains  which  render  it 
unequal,  and  is  interfered  fo  many  ways  by  rivers, 
lakes  and  Teas,  which  alfo  furround  it  on  all  fides. 
Thus  Pliny  wondered  at  the  boldnefs  of  the  human 
mind  in  daring  to  attempt  things  fo  difficult,  and 
it  could  never  have  been  poffible  to  fucceed  therein 
if  we  had  not  attempted  to  determine  the  whole 
circuit  of  the  earth,  by  the  meafure  of  one  of  its 
parts,  fuppofmg  its  figure  fpherical,  and  the  de¬ 
grees  of  its  circumference  equal  between  them- 
felves. 

This  hypothecs  of  the  round nefs  of  the  earth  was 
not  at  firft  generally  received  by  all  the  philofo- 
phers,  fome  of  whom  had  very  fingular  opinions 
on  this  fubje<ft.  It  was  afterwards  eftablifhed  by 
the  appearance  of  the  fhadow  of  the  earth  in  the 
eclipfes  of  the  moon,  which  always  appears  circu¬ 
lar,  and  principally  by  the  different  conftellations 
which  are  perceived  in  the  fouthern  and  northern 
countries,  and  are  feen  to  rife  or  fet  according  as 
we  travel  either  to  N.  or  S. 

Thefe  different  appearances  are  related  at  large 
by  Ariflotle  in  his  fecond  book  de  ccelo ,  where  he 
adds,  that  in  his  time  the  mathematicians  had  de¬ 
termined  the  circumference  of  the  earth  to  be 
400,000  ftadia 7  or  20,833  leagues  of  2000  toifes* 
each,  fuch  as  they  are  about  Paris . 

He  does  not  fhewthe  methods  which  were  ufed 
for  this  inquiry,  which  are  reduced  toa  two  princi¬ 
pal  ones.  The  firft  by  the  obfervation  of  the  ftars  t 
which  pafs  through  the  vertical  of  one  place,  and 
are  diftant  from  the  vertical  of  another.  The  fe¬ 
cond,  by  the  obiervation  of  the  ftars,  which  at 
their  paffage  through  the  meridian  appear  at  the 
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horizon  of  one  place,  and  are  at  the  fame  time  ele¬ 
vated  above  the  horizon  of  another. 

The  firft  method  was  pra6tifed  under  king  Pto- 
lomy  Euergetes ,  by  Eratofthenes ,  between  Alexan¬ 
dria  and  Sienna,  diftant  from  one  another  5000 
ftadia  \  the  fecond  in  the  time  of  Pompey  by  Pofftdo - 
nius,  between  Alexandria  and  Rhodes ,  which  he 
fuppofed  to  be  at  the  fame  diftance  from  each  other. 

The  firft  of  thele  dimenfions  makes  the  degree 
694!  ftadia ,  and  the  circumference  of  the  earth 
250,000  ftadia ,  which  Eratofthenes  afterwards 
fuppofed  to  be  252,000  ftadia ,  to  have  the  round 
number  of  700 ftadia  in  a  degree,  that  is,  72,917 
toifes,  each  of  6  feet,  or  36  leagues,  each  of  2000 
toifes. 

The  fecond,  related  by  Cleomedes ,  determines 
this  circumference  to  be  240,000  ftadia ;  but 
Strabo ,  who  wrote  his  geography  under  Auguftus , 
aferibesto  Pofftdonius  the  dimenfion  of  the  circum¬ 
ference  of  the  earth  of  180,000  ftadia,  lefs  by  * 
than  the  preceding,  which  probably  arifes  from 
the  diftance  between  Alexandria  and  Sienna ,  which 
was  fuppofed  by  Pofftdonius  to  be  5000 ftadia , 
having  been,  as  Strabo  relates,  meafured  by  Era¬ 
tofthenes  with  inft rumen ts  3750  ftadia. 

'1  his  dimenfion,  according  to  which  the  magni¬ 
tude  of  a  degree  would  be  but  52083  toifes,  was 
received  by  Marinus  Eyrius ,  and  other  geogra¬ 
phers,  and  is  commonly  aferibed  to  Ptolemy ,  be- 
caufe  he  employed  it  in  his  geography. 

After  Eratofthenes  and  Pofftdonius  the  mathema¬ 
ticians  of  the  caliph  Almamon ,  having  obierved  in 
the  plains  of  Singar ,  the  height  of  the  pole  of  two 
places,  diftant  from  one  another  2Q  from  S.  to  N. 
found  56  miles  in  one  of  thele  degrees,  and  56  f 
miles  in  the  other,  which  makes  the  magnitude  of 
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the  degree  lefs  than  the  other  dimenfions,  which 
had  been  made  before. 

From  that  time  to  the  laft  century,  we  do  not 
know  of  any  other  attempts  made  on  this  fubjeft 
except  that  of  Fernelius ,  a  celebrated  phyfician 
and  mathematician,  who  having  obferved  from 
Paris  toward  Amiens ,  the  height  of  the  pole  of  two 
places,  1  degree  diftant  from  one  another,  from  S. 
to  N.  meafured  their  diftance  by  the  revolutions 
of  coach  wheels,  and  having  abated  the  turns  at 
difcretion, determined  the  magnitudes  be  56,746 
toifes. 

After  him,  Snellius ,  a  Dutch  mathematician, 
meafured  geometrically  the  diftance  between  Aik- 
maer  and  Bergen  op  zoom ,  and  having  obferved 
the  height  of  the  pole  of  thefe  two  cities,  which 
he  found  to  be  diftant  from  one  another  1 0  1  r 
he  eftabliftied  the  magnitude  of  a  degree  of  the  cir¬ 
cumference  of  the  earth  to  be  57,000  Rhinland 
toifes,  which  being  reduced  to  ours,  make  55,021 
Paris  toifes. 

The  method  ufed  by  him  in  this  enquiry  is  ex- 
aft,  but  the  errors  which  have  flipped  into  this  ob- 
fervation,  or  elfe  into  the  calculation  and  theim- 
preffton,  render  his  meafure  uncertain,  as  I  have 
obferved  in  the  memoirs  of  1701. 

Sometime  after  F.  Riccioli  undertook  at  Bolog¬ 
na  to  determine  the  magnitude  of  the  earth,  which 
he  executed  different  ways,  whence  he  concluded 
the  magnitude  of  the  degree  to  be  64,363  Bolonian 
paces,  or  62650  Paris  toifes.  Thus  in  the  laft: 
century  they  were  If  ill  in  doubt  about  the  magni¬ 
tude  of  the  degree  7642  toifes,  and  about  the  cir«> 
cu  inference  of  the  earth  1375  leagues,  which 
make  about  the  7th,  or  8th  part,  and  it  feemed 
that  the  exaft  determination  of  the  magnitude  of  the 
earth  was  referved  for  the  royal  academy  offcience* 

U  u  z  and 
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and  our  nation,  which  under  the  preceding  reign, 
as  well  as  under  the  prefent  government,  has  ren¬ 
dered  itfelf  at  leaft  as  famous  by  the  profeflion  of 
arts  and  fciences,  as  by  that  of  arms. 

In  fhort,  one  of  the  firft  objedls  of  this  acade¬ 
my,  foon  after  its  eftabJifhment,  was  to  labour 
about  what  might  contribute  to  the  perfe£tion  of 
geography  and  navigation,  fciences,  as  all  the 
world  knows,  of  the  greateft  ufe  to  civil  fociety, 
and  to  commerce,  which  caufes  ftates  to  flourifh. 

Now  the  meafure  of  the  earth  is  the  bafis  and 
foundation  of  thefe  two  fciences.  For  having 
determined  by  agronomical  obfervations  the  lon¬ 
gitude  and  latitude  of  feveral  places  of  the  earth, 
it  is  neceffary  to  know  the  magnitude  of  the  de¬ 
grees,  to  be  able  to  reduce  them  to  a  certain 
meafure,  and  to  have  the  true  diltance  between 
thefe  places  *,  and  reciprocally  knowing  the  true 
diftances  between  feveral  places  of  the  earth  by 
geometrical  operations,  or  itinerary  meafures,  it 
is  neceffary,  if  wre  would  reduce  them  into  de¬ 
grees,  to  know  exactly  the  true  value  of  them. 

It  was  in  order  to  know  this  proportion,  that 
M.  Picard  undertook  the  celebrated  meafure  of 
the  earth,  which  furpaffes  in  exadtnefs  all  that  had 
before  been  undertaken  on  the  fame  fubjedl. 

With  this  defign  he  mealured  the  fpace  be¬ 
tween  the  parallels  of  Malvoifine ,  Sour  don ,  and 
Amiens ,  which  contains  about  a  degree  and  |  of 
the  circumference  of  the  earth  *,  and  having  ob- 
ferved  in  thefe  different  places,  with  an  inftru- 
ment  of  io  feet  radius ,  the  diftance  from  the 
zenith  of  a  far  which  was  not  far  from  it,  he 
determined  the  magnitude  of  a  degree  of  a  meri¬ 
dian  to  be  57,060  toiles,  which  he  judges  to  be 
not  very  far  from  the  true  meafure  of  the  degree  j 
though  he  adds,  that  we  may  (till  arrive  to  a 

greater 
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greater  degree  of  exadlnefs,  by  meafuring  with 
the  fame  care  and  like  inftruments  a  much  greater 
diftance  than  that  of  Malvoifine  and  Amiens.  The 
moft  exaCt  of  his  meafures  ended,  as  he  himfelf 
confeflfes,  at  Sourdon ,  which  is  five  or  fix  leagues 
fhort  of  Amiens,  and  contained  but  a  little  above  a 
degree  of  the  circumference  of  1  he  earth, which  was 
very  little  with  regard  to  its  whole  compafs.  They 
alfo  fuppofed  the  earth  to  be  fpherical ;  that  all 
the  degrees  of  the  fame  meridian  were  equal,  and 
that  the  lines  perpendicular  to  the  horizon,  which 
meafure  the  degrees  in  the  heaven,  were  all  di¬ 
rected  to  the  centre  of  the  earth. 

But  however  thefe  hypcthefes  were  not  generally 
received  by  all  the  modern  philofophers. 

Some  having  obferved,  that  in  the  dimenfions 
made  at  different  diftances  from  the  pole,  the 
magnitude  of  the  degree  had  been  found  fmaller 
towards  the  poles  than  towards  the  equator,  judged 
that  the  degrees  of  the  fame  meridian  diminifhed 
in  proportion  as  they  receded  from  the  equator  \ 
which  renders  the  earth  of  an  elliptical  figure, 
prolonged  towards  the  poles.  Others  having 
confidered  that  the  vibrations  of  the  pendulums 
were  of  different  lengths  under  different  climates, 
conjeCtured  according  to  the  principles  of  the 
force,  which  they  call  centrifugal,  that  the  earth 
was  flatted  towards  the  poles,  and  that  its  degrees 
increafed  in  proportion  as  they  drew  near  the 
poles. 

This  inquiry,  more  ufcful  in  pradtice  than  cu¬ 
rious  in  {peculation,  deferred  well  to  be  exami¬ 
ned  with  all  poffible  exaCtnefs,  by  meafuring  up¬ 
on  the  fame  meridian  the  greateft  diftance  that 
could  be  found,  and  obferving  in  different  places 
of  this  meafure  the  corresponding  arches  of  this 
meridian. 
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This  was  the  fubjedt  of  a  memoir  preferred  in 
1 683  to  M.  Colbert  by  my  father,  in  which  he 
propofed  to  meafure  from  S.  to  N.  the  whole  ex¬ 
tent  of  France,  which  contains  above  8  {-  degrees 
of  the  circumference  of  the  earth. 

This  propofal  was  agreed  to  by  the  king,  who 
gave  orders  to  execute  it.  For  this  mealure  the 
meridian  was  chofen,  which  paffes  through  the 
middle  of  the  royal  obfervatory  at  Paris ,  which, 
by  the  obfervations  that  have  been  either  made 
or  compared  there,  is  become  without  contradic¬ 
tion  the  molt  celebrated  of  all  the  known  meri¬ 
dians  of  the  whole  earth. 

My  father  went  toward  the  fouthern  part  of  the 
kingdom,  and  M.de  la  Hire  toward  the  northern 
part.  But  this  work  was  interrupted  foon  after, 
by  the  death  of  M.  Colbert ,  and  by  the  wars 
which  fucceeded,  till  1700  ;  when  the  king  ha¬ 
ving  been  informed  by  the  count  de  Pontchar - 
train ,  and  the  abbe  Bignon ,  of  the  advantages 
that  might  be  drawn  from  the  continuation  of  this 
work,  gave  orders  to  my  father  to  refume  it  at 
the  place  where  it  had  been  interrupted. 

We  have  already  given  an  account  to  the  pub- 
lick  of  the  fuccefs  of  this  work,  in  which  1  was 
employed  with  Melf.  Maraldi ,  Couplet ,  and  Cba - 
zelles.  The  magnitude  of  each  degree  was  there 
determined  to  be,  one  with  another,  57097  toifes, 
a  little  greater  than  it  had  been  found  by  M.  Pi¬ 
card which  gave  us  room  to  conjecture,  that 
the  degrees  of  a  meridian  increafe  as  they  ap¬ 
proach  the  equator  ;  whence  it  refults,  that  the 
earth  is  prolonged  towards  the  poles,  as  I  have 
demonftrated  in  the  memoirs  of  the  academy  for 
1710. 

But  this  difference  being  but  1 1  or  12  toifes  in 
a  degree  in  the  extent  of  France 5  feerned  too  little 

for 
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for  us  to  be  certain  that  it  was  not  caufed  by  fmall 
errors,  almoft  infeparable  from  the  obfervations. 
Thus  the  meridian  line  having  been  defcribed 
quite  to  the  fouthern  extremity  of  France ,  it  was 
necefTary  to  prolong  it  to  the  northern  extremity, 
to  know  whether  this  diminution  of  the  degrees 
towards  the  poles  was  conftant. 

This  was  the  objebt  of  our  lad  journey  ;  the 
ufefulnefs  of  which  having  been  reprefented  by 
the  Abbe  Bignon  to  his  royal  highnefs  the  duke  ot 
Orleans ,  regent  of  the  kingdom,  I  received  orders 
to  execute  it  in  concert  with  Melf.  Maraldi  and 
de  la  Hire  the  fon,  who  had  lately  fucceeded  his 
father,  the  lofs  of  whom  can  never  be  too  much 
lamented.  That  we  might  negledd  nothing  that 
could  tend  to  its  exaftnels,  we  thought  it  proper 
to  begin  our  operations  at  the  places  where  M» 
Picard  had  left  off  his  mod  exadd  meafures. 

We  went  for  this  purpofe  to  Montdidier ,  whence 
we  obferved,  on  the  2d  of  lad  June ,  the  angles  of 
pofition,  with  the  didant  objects  which  were 
thereabouts,  which  we  continued  to  do  in  the 
places  vifible  from  one  another,  to  form  a  feries 
of  uninterrupted  triangles  quite  to  the  northern 
extremity  of  the  kingdom. 

We  (hall  afterwards  give  the  publick  the  par¬ 
ticulars  of  the  operations  which  were  made  in  the 
courfe  of  this  journey  :  it  will  be  fufficient  to  ob- 
ferve  at  prefent,  that  we  carried  our  quadrants 
into  the  towers  or  deeples  which  feemed  the  moft 
advantageoufly  fituated  for  the  continuation  of  the 
triangles  ;  and  as  in  Picardy ,  Artois ,  and  Flan¬ 
ders  ^  mod  of  thefe  deeples  are  furrounded  by 
very  high  trees,  we  were  obliged  to  place  our- 
felves  as  high  as  poffible,  to  ercbt  fcaffolds,  and 
to  cut  through  them  in  different  places,  to  difco- 
ver  the  mod  didant  objects  round  about. 


We 
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We  thus  continued  our  obfervations  to  three  or 
four  leagues  on  this  fide  of  Bethuney  where  there 
is  a  chain  of  mountains  extending  from  £  to  W. 
upon  which  there  is  no  remarkable  objeft  ; 
wherefore  having  fought  for  the  place  that  is  beft 
expofed,  we  prepared  a  fignal  that  could  be  per¬ 
ceived  both  on  the  northern  and  fouthern  fide, 
and  might  ferve  us  to  continue  the  feries  of  our 
triangles. 

It  is  from  thefe  mountains  that  we  began  to 
perceive  Mont -Caff el,  and  feveral  towns  or  re¬ 
markable  objects,  which  led  us  quite  to  the  fea. 

By  this  means  we  have  from  the  obfervatory 
at  Paris  to  Dunkirk  28  triangles,  9  old  ones  ob- 
ferved  by  M.  Picard ,  and  19  new  ones,  which 
contain  all  the  northern  part  of  the  kingdom  that 
is  about  the  meridian. 

In  the  multiplicity  of  thefe  operations,  there 
was  danger  of  fome  error  having  flipped  in.  To 
avoid  them,  or  difcover  them,  we  have  verified 
our  principal  triangles  by  a  number  of  others, 
which  were  terminated  by  other  objedls,  which 
we  have  looked  upon  as  accelTory,  but  they  gave 
us  almofl  the  fame  diflances.  Befides  this  advan¬ 
tage,  we  had  that  of  determining  by  the  fame 
means  the  fituation  of  a  great  number  of  remark¬ 
able  places,  and  of  the  greateft  part  of  the  towns 
of  Artois  and  Flanders ,  which  is  of  very  great 
ufe  in  making  or  rectifying  the  particular  maps 
of  this  country,  which  is  ufually  the  feat  of  war, 
and  is  neceffary  to  be  known  exa6tly. 

Laftly,  that  we  might  omit  nothing  that  re¬ 
gards  the  exadtnefs  of  this  work,  we  terminated 
our  laft  triangle  by  a  bafe  of  5564  toifes,  whic(i 
has  been  twice  meafured  exadfly  upon  the  fea- 
ihore,  with  a  difference  between  them  only  of 
three  feet,  which  may  be  afcribed  to  the  fands, 

which 
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which  the  fea  by  its  flux  and  reflux  continually 
tran (ports  from  one  place  to  another,  which  cau- 
fes  fome  little  inequalities  in  the  fhore. 

This  adtual  meafure  is  found  to  agree  within 
about  a  toife  with  that  which  refulted  from  the 
ftries  of  the  triangles,  calculated  upon  a  bale  al- 
moft  of  the  fame  length  meafurecj  by  M.  Picard 
between  Villejuifve  and  Juvify ,  which  had  ferved 
for  a  foundation  to  his  meafure  of  the  earth  ; 
which  is  a  proof  of  the  exa&nefs  of  the  obferva- 
tions,  which  have  been  made  to  form  thefe  trian- 
gles.  f  ; 

To  determine  the  places  through  which  the 
meridian  line  pafles,  we  fir  ft  obferved  the  decli¬ 
nation  of  the  objects  employed  by  M.  Picard  in 
his  meafure,  with  regard  to  the  meridian  which 
pafles  through  the  middle  of  the  obfervatory. 
We  had  by  this  means  fucceflively  the  declination 
of  the  other  objects  with  regard  to  this  meridian, 
and  have  calculated  the  diftance  of  each  of  thefe 
objects  from  the  parallel,  and  from  the  meridian 
of  Paris .  . 

We  have  found  by  this  method  the  diftance  of 
the  middle  of  the  fouthern  face  of  the  obfervatory 
from  the  parallel  which  pafles  through  the  centre 
of  the  great  tower  of  Dunkirk  to  be  125,552 
toifes,  and  the  diftance  of  this  tower  from  the 
meridian  1414  toifes  ;  by  which  Dunkirk  is  more 
to  the  E.  This  difference  being  reduced  into 
minutes  of  a  degree  of  a  parallel,  gives  the  dif 
ference  of  longitude  between  Paris  and  Dunkirk 
2'  20v  of  a  degree,  or  9'  j  of  an  hour,  at  the  rate 
of  1 50  to  an  hour.  This  difference  agrees  to  a 
pretty  confiderable  exadtnefs  with  what  had  been 
determined  37  years  before  by  the obfervations  of 
the  fatellites  of  Jupiter,  made  ^Dunkirk  by  M.  de 
la  Hire ,  compared  with  thofe  which  my  father 

Vol.  V.  N°  54.  X  x  •  had 
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had  made  at  the  fame  time  at  Paris.  Two  of 
thefe  obfervations  which  are  related  in  the  jour- 
nies  of  the  academy  printed  in  1693,  give  this 
difference,  one  of  3"  and  the  other  of  8",  within 
about  a  fecond  of  what  refults  from  our  dimen- 
fions.  Thus  we  fee  the  agreement  of  thefe  two 
methods  in  the  determination  of  the  longitudes, 
and  the  exadtnefs  that  may  be  hoped  therefrom. 

The  diftance  between  the  parallels  of  Paris 
and  Dunkirk  being  determined  in  toifes,  we  want¬ 
ed  to  know  the  arch  of  the  meridian  intercepted 
between  thefe  two  cities,  to  have  the  juft  meafure 
of  the  degrees  contained  in  this  fpace.  We  had 
carried  for  this  purpofe  an  inftrument  of  near  1  o 
feet  radius ,  the  limb  of  which  was  divided  into 
12  degrees,  and  each  degree  at  every  20  feconds, 
io  that  we  could  eafily  diftinguifh  to  5  feconds. 

To  place  this  inftrument,  we  caufed  to  be 
built  a  little  obfervatory  open  at  the  top,  to  de¬ 
termine  the  diftances  of  fome  fixed  ftars  from  the 
zenith,  which  we  oblerved  by  directing  the  tele- 
fcope  to  the  fame  ftar  fucceflively,  on  the  fouth 
and  on  the  north  fide,  with  regard  to  the  inftru¬ 
ment,  to  have  upon  the  limb  two  points  equally 
diftant  from  the  zenith,  and  to  determine  their 
true  diftance  exactly.  We  made  ule  in  thefe  ob- 
lervations  of  feveral  ftars  of  the  dragon  and  of  the 
fwan>  and  we  continued  them  till  we  had  feveral 
cxa6t  ones,  which  gave  exaftly  the  fame  height. 

The  magnitude  of  the  inftrument  ufed  in  thefe 
obfervations,  renders  them  very  difficult,  and  the 
precautions  that  muft  be  taken  to  make  them  ex¬ 
actly,  have  given  us  occafton  to  make  on  this 
fubje<5t  fome  lingular  remarks,  very  ufeful  in  the 
pra&ife  of  aftronomy,  which  we  lhaii  prefent  to 
die  publick  hereafter. 
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The  obfervation  of  the  fame  ftars  having  been 
made  at  the  obfervatory  with  the  fame  inftrument 
prefently  after  our  return,  at  the  end  of  Auguft 
and  beginning  of  September,  we  found  the  arch  of 
the  meridian  between  Paris  and  Dunkirk  2Q  11' 
15  '.  Comparing  it  with  the  interval  which  we 
have  juft  determined  between  thele  two  places  of 
12 5? 55 2  toifes,  we  have  the  magnitude  of  each 
degree,  one  with  another,  56,960  toifes,  lefs  by 
90  toifes  than  according  to  M.  Picard ,  and  by 
137  toifes  than  that  which  we  had  determined 
from  the  obfervatory  to  the  fouthern  part  of  the 
kingdom. 

Thus  it  plainly  appears,  that  the  degrees  of  the 
fame  meridian  are  not  all  equal  between  them- 
felves,  that  they  diminifh  as  they  approach  the 
pole,  and  increafe  as  they  recede  from  it;  and  we 
fhall  be  the  more  eafily  convinced  of  this,  if  we  con- 
fider,  that  the  diftance  from  the  zenith  of  the  ftar 
in  the  dragon’s  head  marked  y  by  Bayer, which  we 
made  ufe  of  principally  for  this  inquiry,  has  been 
determined  the  fame  quantity  feven  times  at  Paris 
without  any  difference;  we  have  alfo  carried  ourex- 
adnefs  lo  far  as  to  verify,  with  great  care,  and 
in  different  manners,  the  divifions  of  our  inftru¬ 
ment,  that  we  may  leave  no  fcruple  on  that  fide. 

Laftly,  to  verify  the  diredion  of  the  meridi¬ 
an  of  Paris ,  we  have  obferved  from  the  top  of 
the  tower  of  Dunkirk ,  the  place  where  the  fun 
fee,  and  the  point  of  the  horizon  which  anfwered 
to  his  paffage  over  the  meridian,  to  determine 
immediately  the  fituation  of  the  meridian,  which 
we  have  found  within  a  lmall  trifle  conformable 
to  that  which  refulted  from  the  feries  of  the  tri¬ 
angles. 

It  remains  now  to  confider  what  is  the  magni¬ 
tude  of  the  decrees  which  refults  from  the  obfer 
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vations  made  in  the  northern  part  of  France , 

^  compared  with  thofe  which  had  been  made  in 
the  iouthern. 

We  fhall  ufe  for  this  inquiry,  the  method 
which  we  have  given  in  the  memoirs  of  the  aca¬ 
demy  for  1713,  to  determine  the  inequality  of 
the  degrees,  by  fuppofing  that  the  earth  has  the 
figure  of  an  etlipfis  flatted  towards  the  poles,  and 
we  fhall  find  that,  fuppofing  the  magnitude  of  a 
degree  about  Paris  to  be  57,006  toiies,  arid  the 
dimunition  from  one  degree  to  the  other  3 1  toifes, 
that  wThich  is  between  the  43d  and  43d,  towards 
the  fouthern  extremity  of  the  kingdom,  is  57,192 
toifes ;  and  from  the  50th  to  the  51ft,  toward 
the  northern  extremity  of  France ,  56,944,  with  a 
difference  from  the  greateft  to  the  lead  of  248 
toifes ;  and  that  the  lum  of  degrees  of  the  meri¬ 
dian,  contained  between  the  parallels  of  Colliourc 
in  Rcujfillon  and  Dunkirk ,  is  486, 156  toifes,  equal 
to  that  which  has  been  meafured  by  the  trigono¬ 
metrical  operations. 

We  fhall  find  alfo  that  the  difference  between 
the  foci  of  the  elUpfis ,  which  reprefents  the  earth, 
is  947,434  toifes,  or  474  leagues  of  2000  toiies 
each  \  that  the  axis  of  the  earth,  or  the  diameter 
which  paff  s  through  the  poles,  is  6,579,368 
toifes,  or  3790  leagues,  greater  than  the  diameter 
of  the  equator  by  68,572  toifes,  or  about  34  of 
our  leagues :  that  the  firft  degree  toward  the 
equator  is  58,020  toifes,  greater  than  that  which 
ends  at  one  of  the  poles  by  1795  toifes,  or  about 
4-  of  a  league  •,  and  that  the  degrees  of  the  equator, 
which,  according  to  this  hypothefis,  are  all  equal 
between  themfelves,  are  each  56,817  toifes. 

Adding  together  the  degrees  of  a  meridian,  we 
fhall  have  the  circumference  of  the  earth  from  one 
pole  to  the  other  20,563,100  toifes,  greater 
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by  108,826  toifes,  or  54  of  our  leagues,  than  the 
circumference  of  the  equator. 

We  fhall  know  by  this  means,  the  mod  exa&ly 
that  is  poffible,  the  magnitude  of  the  earth  and  • 
its  figure  ;  two  parts  of  knowledge,  as  was  ex¬ 
plained  before,  fo  necefTary  for  geography  and 
navigation,  of  which  they  are  the  foundation  and 
bafe. 

VI.  An  obfervation  of  a  meteor ,  which  ap¬ 
peared  Odt.  23,  1718,  by  M.  de  la  Hire. 

We  obferved,  Off.  23,  at  1 1  at  night,  that  there 
was  from  the  N.  E.  to  the  W.  a  very  thick  cloud, 
which  extended  from  the  horizon  to  7  or  8Q  in 
height ;  and  that  there  came  out  from  this  cloud 
toward  the  N.  E.  a  light  of  7  or  8?  in  height,  and 
about  2Q  in  breadth.  This  light,  which  was  al- 
moft  as  ftrong  as  that  of  the  ftars,  ran  through 
the  whole  extent  of  the  cloud,  with  a  pretty  quick 
motion,  changing  its  fhape  as  it  went  along. 

We  confidered  this  cloud  about  an  hour,  and 
there  came  out  of  it  during  that  time,  in  different 
places,  above  8  or  10  of  thefe  lights,  of  different 
heights  and  breadths,  and  having  all  the  fame 
motion. 

•  *  ■  t  .  1 

VII.  An  examination  of  the  caufes  of  the 
imprejjion  oj  plants  marked  on  certain 
Rones  about  Saint-Chaumont  in  the  Li- 
pnnois ;  by  M.  de  Juffieu  *. 

The  country  about  Saint-Chaumont,  as  well  as 
that  about  Saint-Eftienne ,  is  known  to  abound  in 
coal  mines.  This  convenience  has  occafioned  the 

1 
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eftablifhment  of  the  manufadtures  of  all  forts  of 
iron  works. 

As  I  had  remembered  to  have  read  in  Mr. 
Lhwyd’s  letters,  that  the  (tones  imprinted  with 
figures  of  plants,  are  mod  commonly  found  in 
the  neighbourhood  of  coal  mines,  rendered  me 
attentive  to  the  figure,  the  colour,  and  the  im- 
preflions  of  all  the  (tones  which  I  found  near 
thefe  mines.  My  attention  was  leconded  by  the 
fight  of  the  fpecimens  given  me  by  one  of  my 
friends,  who  is  diftinguifhed  in  the  country  by 
his  tafte  for  natural  hiftory. 

With  this  guide  I  had  the  pleafure,  at  the  very 
gate  of  Saint-Chaumont ,  along  the  little  river  of 
Gies,  to  obferve  upon  mo(t  of  the  (tones  that  I 
gathered,  the  imprefiions  of  an  infinite  number 
of  fragments  of  plants,  fo  different  from  all  that 
grow  in  the  Uonnois ,  in  the  neighbouring  pro¬ 
vinces,  and  even  in  the  reft  of  France ,  that  I 
feemed  to  herborize  in  a  new  world. 

All  thefe  (tones  are  fcaly,  and  differ  among 
themfelves  in  colour,  only  fo  far  as  the  beds 
whence  they  are  taken  approach  to  thofe  of  the 
coal,  or  recede  from  it  *,  that  is,  as  thofe  which 
are  neareft  are  of  a  flaty  and  fhining  black,  in 
which  they  feem  to  partake  more  of  the  bitumi¬ 
nous  oil,  which  is  the  molt  eftential  principle  of 
this  coal  ;  whereas  thofe  which  are  the  moft  di- 
ftant  from  it  are  of  an  afh  colour,  which  a  mix¬ 
ture  of  talcy  particles  make  appear  fometimes 
brazen,  and  moft  often  filvered. 

In  both  thefe  (tones,  of  what  colour  foever  they 
are,  the  impreffions  are  always  deeper  than  the 
reft,  and  they  are  very  diftindt  from  the  grey 
ones  :  fometimes  alfo  they  are  the  only  part  that 
appears  covered  with  a  light  ftratum ,  of  copper 
or  filver  ;  which  is  an  effedt  of  the  facility  that 
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the  vitriolic  fluors  had  to  flop  in  the  furrows  of 
thele  impreflions,  rather  than  in  the  reft  of  the 
furface  of  thele  (tones. 

They  are  different  from  the  dendrites ,  hard 
like  agats  or  flints,  or  tender  like  vvhetftones, 
and  the  (tones  of  Florence ;  in  this,  that  the  fi¬ 
gures  found  in  thefe,  penetrate  the  whole  thicknefs 
of  it  like  a  foreign  matter  infinuated  into  it,  which 
has  been  very  well  obferved  by  the  late  M.  de  la 
Fay  ;  whereas  in  the  (tones  of  Saint-Chaumont , 
the  impreflions  of  plants  are  only  on  the  furface 
of  the  laminae,  and  in  each  of  the  laminae  that 
compote  it,  they  are  all  different,  and  placed  dif¬ 
ferent  ways. 

They  are  generally  capillary  pla  i’  ,  ceterachs, 
polypodies,  maidenhairs,  harts- J  -r gues,  fpleen- 
worths,  ofmunds,  filicuUe ,  and  ^erns,  approach¬ 
ing  to  thc.'c  which  F.  Planner  and  Sir  Flans  Sloane 
have  da  covered  in  the  American  ifiands,  and  to 
thofe  which  have  been  fent  from  the  Raft  and 
Weft- Indies  to  the  Englijh ;  and  communicated 
to  Plukenet ,  to  enter  into  his  collection  of  rare 
plants.  One  of  the  principal  proofs  that  they 
a;c  of  this  family  is,  that  as  taey  are  the  only 
ones  that  bear  their  fruits  fattened  to  the  backs  of 
their  leaves  •,  the  deep  impreflions  of  their  feeds 
are  even  diftinguiihed  upon  fome  of  thefe  (tones. 

The  multitude  of  the  differences  of  thefe  plants 
is  befldes  fo  great  about  Saint-Chaumont,  that 
each  quarter  feems  to  be  a  fource  of  varieties. 

Befldes  thefe  impreflions  of  leaves  of  capillary 
plants,  I  have  alfo  obferved  fome  which  feem  to 
belong  to  palms  and  other  exotic  trees.  I  have 
alfo  obferved  fome  particular  (talks  and  feeds,  and 
at  the  opening  of  fome  of  the  lamina  of  thefe 
ftones,  there  has  come  out  of  the  vacuities  of  fome 
of  the  furrows  a  black  duft3  which  was  nothing 

but 
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but  the  remnants  of  the  plant  rotted  and  inclofed 
between  two  jlrata ,  perhaps  for  above  three 

thoufand  years. 

In  fids  difcovery  there  are  three  particulars 
which  render  it  very  remarkable. 

The  firft  is  that  we  do  not  find  in  the  country 
my 'of  the  ,'pecies  of  plants,  of  which  the  impref- 
fions  are  found  marked  on  thefe  atones.  This  fadt 
I  wa  fatisfiedof  in  the  herborifations  which  I  made 
immediately  afterwards  on  the  neighbouring 
mountains,  and  principally  upon  that  of  Pila  in 
Lionris,  which  is  but  about  three  leagues  from  5/. 
Hbatmont. 

The  fccoi.d  is,  that  among  this  infinite  number 
of  leave  of  different  plants  imprinted  on  the 
inmina  oi  diefe  ftones,  none  is  found  bent,  and 
l  hat  they  are  fp read  juft  as  if  they  ivad  been  pafted 

on.  * ;  »  v  A' 

The  third -Angularity,  more  furprifia*  than  the 
other  two,  is  that  the  two  fcaly  lamina  ofthefe 
ftones  reprefent  each  of  them  on  their  internal  fur- 
faces  where  they  touch,  only  one  face  of  a  leaf  of 
a  plant  in  relievo  on  the  one  fide,  and  hollbw  on  the 
other  ;  wheras  in  the  common  manner  in  which 
we  conceive  thefe  forts  of  imprefiions,  we  fuppofe 
that  the  leaf  of  a  plane  which  is  prefifed  between  2 
foft  pieces  of  earth,  muft  have  left  upon  the  furface 
of  one,  the  imprefllon  of  its  upper  part,  and  on 
the  furface  of  the  other  the  imprefTion  of  its  lower 
part. 

Thefe  fingularities  fuppofe  feveral  caufes  necef- 
farily  depending  on  each  other. 

The  firft,  that  thefe  plants  unknown  in  Europe 
can  come  only  from  the  hot  countries,  becaufe  if 
they  refemblemore  perfectly  thofeofour  American 
iftands  than  any  others,  and  if  we  #nd  thefe  fame 
fpecies  of  American  plants  which  they  refemble 

only 
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only  in  different  parts  of  the  Indies  where  they 
grow  abundantly,  it  follows  that  they  mult  have 
been  brought  either  from  thole  countries,  or  from 
fome  other  fuch  like  lituation. 

The  fecond,  that  as  their  impreffion  reprefents 
them  fpread,  and  often  laid  different  ways  from 
one  another,  they  were  imprinted  in  this  date 
only  becaufe  the  water,  upon  which  they  mult 
have  floated,  has  kept  them  up. 

The  third,  that  it  was  undoubtedly  fea  water  ; 
which  is  evident  from  the  number  ol  (hells  that 
are  found  in  the  neighbouring  lands ;  (hells  which 
we  do  not  find  in  any  of  the  frefli  waters  in  France 
nor  even  in  Europe  ;  but  on  the  contrary  are  found 
fome  on  our  coads,  and  others  on  the  mod  diftant 
Teas  with  regard  to  us. 

A  daily  experience  of  the  vir  iffitudes  which  hap¬ 
pen  to  certain  countries,  the  lands  of  which  the 
fea  overflows  or  difcovers  fucceffively,  does  but  too 
much  (hew  us  how  thefe  waters,  which  we  fuppofe 
to  have  tranfported  thefe  plants,  may  have  covered 
thefe  parts  of  the  Lionnois  *,  for  without  being  ob¬ 
liged  tohaverecourfe  eitheqto  the  inundation  of  the 
univerfal  deluge,  or  to  thofe  earthquakes,  or  con- 
fiderable  (hocks,  which  have  made  great  apertures 
through  which  the  water  of  the  fea  has  been  fpread, 
without  fpeaking  of  the  frightful  tumbling  down 
of  thofe  high  and  vail  mountains,  the  fall  of  which 
having  poffeffed  a  great  fpace  in  the  channel  of  the 
fea,  has  thrown  up  the  water  very  far  upon  our 
lands  ;  we  are  in  no  want  of  proofs,  that  moll  of 
the  lands,  which  feem  to  have  been  inhabited 
from  time  immemorial,  have  been  originally 
covered  with  the  water  of  the  fea,  which  has  fince 
abandoned  them  either  infenflbly  or  all  at  once. 

The  multitude  of  fea  (hells  which  are  dill  found 
entire  almod  in  the  centre  of  the  mountains  of  Si- 
Vol.  V.  N°.54  Yy  cily 
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cily  and  England ,  does  not  permit  us  to  queftion 
that  thefe  iflands  have  been  covered  with  water  ; 
and  we  have  no  ids  proof  in  France ,  that  this  part 
of  Europe  which  we  inhabit,  has  ferved  for  a  bed 
to  the  lea.  It  is  about  1 50  years  fince  Bernard 
PaliJJy ,  a  frenchman, without  any  other  ftudies  than 
thofe  of  his  own  obfervations  made  in  the  king¬ 
dom,  began  to  infinuate  this  dodtrine  in  fome  pub- 
lick  conferences,  which  he  held  at  Paris  under 
Henry  III. 

I  can  render  the  thing  more  fenfible  and  probable 
by  adding  to  his  obfervations  thofe,  which  feveral 
journeys  undertaken  in  every  part  of  the  kindom 
to  herborile,  have  given  me  an  opportunity  to 
make. 

I  had  the  honour  fome  years  ago  to  prefent  to 
the  academy  fome  true  Madrepore  Vt ill  adhering 
to  their  rocks,  which  I  had  loofened  from  the  earth 
at  Chaumont  near  Geforre  ;  they  are  (tony  plants 
found'only  at  the  bottom  of  the  fea,  and  are  the 
molt  certain  marks  that  can  be  had  that  this  part  of 
the  continent  was  formerly  a  part  of  the  bafon  of, 
the  fea. 

I  have  feen  alfo  in  the  quarries  of  free  flone  of 
St.  Leu  T avtrni  fome  {tones  opened,  in  which  the 
little  Iheils  and  little  galets^y  of  which  the  bafon 
of  moll  leas  is  ufually  full,  are  inclcfed  ;  and  I 
obferved,  that  the  furface  of  thefe  beds  offreeltone 
is  covered  with  a  fand,  perfectly  like  that  of  the  fea 
fhoar. 

M.  Billeret  profeffor  of  botany  at  Bczan^on, 
has  lent  me  fome  pieces  of  rocks  detatched  front 
the  quarries  of  the  Franche  Co?nte  upon  which  were 
{till  to  be  feen  fome  of  thefe  tubes  wrought  by  cer¬ 
tain  fea-worms,  which  lodge  in  them,  and  fuch 

*  A  fort  of  round  or  flat  fmooth  pebbles  found  at  the  bottom 
of  the  fea  and  rivers. 
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as  are  found  in  our  Teas  upon  the  rocks, from  which 
the  coral  is  torn. 

There  are  feen  alfo  in  Dauphiny  between  Gap 
and  Sifteron  certain  mountains,  where  the  traces  of 
the  decreafe  of  the  waters  of  the  lea  are  marked 
by  amphitheatres,  the  degrees  of  which  increafe  in 
breadth  in  proportion  as  they  approach  the  foot  of 
the  mountain. 

As  by  this  ancient  pofition  of  the  bafon  of  the  fea 
demonftrated  in  feveral  places  of  the  heart  of  the 
kingdom,  it  is  manifeft  that  thefe  places  have  been 
covered  with  water,  it  will  be  eafily  comprehended 
that  impetuous  waves  driven  from  N.  to  S.  and 
repelled  from  S.  to  N.  either  by  the  refiftance  of 
the  high  mountains,  or  by  violent  hurricanes,  have 
carried  away  with  them  the  animals  and  plants  of 
the  fouthern  countries,  whence  thefe  waves  ebbed, 
and  that  in  thefe  refluxes  the  waters  Hiding  in,  and 
remaining  fome  time  in  places  where  fome  difpofi- 
tions  of  mountains  formed  a  fort  of  bafons,  they 
retained  thefe  light  bodies,  fome  entire,  and  others 
broken. 

Thus  are  thefe  exotic  plants  brought  by  the  fea 
water  very  far  upon  our  lands,  it  remains  only  to 
explain  the  manner  in  which  theimprefiion  of  them 
was  made,  whilft  thefe  waters  were  evaporated, 
and  was  preferved  after  their  retreat. 

We  fuppofe  their  leaves  floating  upon  the  fur- 
face  of  a  water,  which  in  its  agitations  was  flill 
more  loaded  with  a  bituminous  (lime  which  it  had 
diluted,  than  with  the  fait  with  which  it  was  natu¬ 
rally  impregnated.  This  (lime  has  covered  the  lur- 
face  of  thefe  floating  leaves,  has  been  retained  there 
by  the  number  of  nerves  with  which  they  are  tra¬ 
versed,  is  united  fo  intimately  with  them,  as  to 
take  even  the  minuceft  traces,  and  has  acquired  fo 
much  the  more  confidence,  as  thefe  leaves  by  the 

Y  y  2  clolenefs 
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clofenefs  of  their  texture,  have  longer  refilled  cor¬ 
ruption.  But  however  as  they  have  rotted  at  laft 
and  as  the  dime  which  covered  them  could  not 
help  precipitating,  either  by  the  withdrawing  of 
the  body  which  fuftained  it,  or  that  being  become 
by  this  withdrawing  more  penetrable  by  the  water 
it  was  more  heavy  *,  it  is  in  this  precipitation,  that 
the  (limy  lamina  falling  upon  the  fmooth  furfaces 
of  a  diluted  mud,  have  marked  thereon  the  figure 
of  the  leaves  of  which  they  had  received  the 
imprcfiion. 

The  explanation  of  this  mechanifm  gives  a  plain 
folution  of  the  fingularity  of  the  reprefentation  of 
one  and  the  fame  face  of  thefe  leaves  of  plants  in 
telievo  on  one  lamina  and  in  hollow  on  the  oppofite. 
Juft  as  a  feal  imprinted  in  relievo  on  a  lamina  of 
earth,  appears  hollow  on  another  foft  lamina  on 
which  the  firft  has  been  applied. 

We  cannot  fay  that  one  of  thefe  impreftions, 
which  are  feen  upon  thefe  lamina ,  is  that  of  the 
reverfe  of  the  leaf,  whilft  the  other  is  that  of  the 
upper  part,  fince  the  leaf  being  rotted  is  become 
incapable  of  imprinting  this  reverfe.  The  rot¬ 
ting  of  it  is  fo  certain,  that  its  fubftance  having 
changed,  has  tinged  thefe  impreftions  black,  and 
what  has  remained  faftened  to  thefe  lamina  has  at 
moft^but  made  fome  impreftion  lefs  perfect,  becaufe 
this  fuperfluity  has  filled  the  graving  of  the  impref- 
fion,  and  is  now  found  in  powder  between  fome  of 
thefe  la?nina  when  theyare  feparated. 

It  will  feem  at  firft  fight,  that  after  the  de- 
ftrudlion  of  the  leaf  covered  with  {lime,  the  water 
touching  it  immediately  muft  have  effaced  the  im¬ 
preftions  which  it  had  received  j  but  if  we  attend 
to  the  quantity  of  bitumen,  with  which  this  flime 
abounds,  and  judge  of  it  by  the  pit-coal  which  is 
found  fo  frequently  in  this  part  of  th eLionncis,  and 

that 
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that  this  bitumen  is  nothing  but  an  oil  of  the 
earth,  fince  it  has  taken  more  confidence,  cannot 
be  diflolved  in  water,  we  fiiall  have  no  difficulty 
to  comprehend,  that  the  figures  marked  upon 
thefe  fiimy  lamina  have  been  prefer ved  by  being 
precipitated  into  the  water  •,  and  that  by  making 
their  impreffions  on  other  fiimy  furfaces,  they  are 
not  incorporated  with  the  dime  upon  which  they 
fell,  or  with  other  lamina,  which  were  precipi¬ 
tated  fucceffively  upon  them,  fince  this  bitumen 
mixed  in  thefe  lamina ,  had  the  fame  effebt  upon 
them  as  common  oil  mixed  with  pafte,  to  keep  it 
in  lamina . 

It  mufi  be  prefumed,  that  a  million  of  heaps  of 
leaves  of  exotic  plants  have  been  thus  tranlported 
by  the  fame  waters  into  feveral  other  parts  of 
Europe  ;  but  that  this  bituminous  matter  being 
found  only  in  fome  places,  thefe  places  have  been 
almoft  the  only  ones  that  have  preferved  their 
impreffion.  Such  are  alfo  the  coal-pits  in  Glou - 
cefterjhire ,  upon  the  ftones  of  which  are  figured 
moft  of  the  lame  plants  that  are  obferved  in  thole 
of  the  pits  of  Saint-Chaumont . 

As  I  think  I  have  demonftrated  that  thefe  im¬ 
printed  fiimy  and  bituminous  lamina  were  preci¬ 
pitated  fucceffively,  and  that  the  leaves,  which  fup- 
ported  thefe  lamina ,  were  of  unequal  figure  and 
bignefs,  we  mufi  not  be  furprifed,  that  in  their 
precipitation  they  fell  different  ways.  This  is  the 
caufe  that  in  thefe  lamina ,  which  form  fo  many 
different  leaves,  there  are  found  fo  many  different 
magnitudes,  applied  to  one  another,  and  that 
fome  even  feem  to  have  been  broken  in  their  fall 
by  their  fhock  againft  other  lamina. 

If  the  beds  ot  thefe  ftones,  which  ufually  are 
intermixed  with  beds  of  coal,  feem  in  fome  pla¬ 
ces  to  have  acquired  an  oblique  fuuation,  we  can 

only 
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only  afcribe  this  difpofition  to  the  inequality  of 
the  bottom  of  the  bafon  in  which  the  water  was 
inclofed,  wherein  thefe  precipitations  are  made. 

Laftly,  the  ftrata  of  coal,  which  feparate  the 
fir  at  a  of  thefe  ftones,  muft  be  confidered  on!y  as 
a  bitumen,  which  having  at  firft  been  liquid, 
infmuated  itfelf,  and  afterwards  grew  hard  be¬ 
tween  thefe  ftrata  of  figured  (tones.  The  petro¬ 
leum  ^  which  actually  flows  in  Auvergne ,  and  is 
there  called  Pege ,  as  if  one  fhould  fay  liquid 
pitch,  is  a  proof  of  it. 

It  is  therefore  unneceflary  to  have  recourfe  to 
the  fports  of  nature,  or  to  a  fuppofed  internal 
vegetation  *,  that  is,  between  two  lamina  of  (tone, 
nor  to  a  palingenefia ,  as  fome  modern  authors 
have  done,  to  explain  the  manner  of  formation  of 
the  impreflions  which  we  obferve  upon  thefe 
ftones,  and  upon  the  leaves  of  which  they  are 
compofed.  And  though  we  fhould  pretend  they 
are  an  effedt  of  the  confufion  of  rhe  deluge,  yet 
we  could  not  by  the  obfervation  of  the  impreflions 
which  reprefent  thefe  plants  in  maturity  and  in 
feed,  determine  either  the  month  or  the  leafon  of 
this  univerfal  inundation,  fince  thefe  plants  being 
come  from  the  hot  countries,  might  come  to  feed 
earlier  than  they  do  here. 

An  explanation  of  the  figures. 

Plate  VII.  Fig.  8.  A  fragment  of  an  exotic 
fern  imprinted  on  a  black  (late  ftone  about  Saint - 
Cb  aliment. 

Fig.  9.  A  fragment  of  a  leaf  of  another  exotic 
plant  imprinted  on  a  ftone  almoft  of  the  fame 
l'ort. 

Fig.  10.  Fragments  of  feveral  leaves  or  another 
fort  of  exotic  fern,  the  figures  of  which  are  applied 
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different  ways  with  regard  to  one  another,  upon 
a  talky  hone  of  the  fame  place. 

Fig.  1 1.  Parcels  of  leaves  or  pinnule  of  a  third 
fort  of  exotic  fern,  the  impreffions  of  which  are 
fcattered  in  different  places  of  the  furface  of  one 
of  thefe  forts  of  {tones. 

Fig.  12.  A  fragment  of  an  exotic  Filicula  im¬ 
printed  in  hollow  upon  a  hard  greyifh  done  of 
the  fame  place. 

Fig.  13.  A.  a  fragment  of  another  filicula  im¬ 
printed  in  hollow  upon  a  tender  and  talky  done  of 
the  fame  place. 

B.  A  lamina  or  leaf  raifed  from  the  preceding 
done,  reprefenting  in  relievo  the  fame  fide  of  the 
filicula  imprinted  in  hollow  upon  the  lamina  A. 

Fig.  14.  A  fragment  of  a  dalk  of  an  exotic 
capillary  plant  found  in  the  fame  place. 

Fig.  15.  A  fragment  of  done  from  the  fame 
place,  in  the  middle  of  which  are  the  traces  of  a 
round  leaf  of  an  exotic  plant,  or  of  a  feed  ap¬ 
proaching  to  that  of  an  elm. 

V  III.  Ohjerva tions  on  a  northern  light ;  by 

M.  Maraldi 

We  have  obferved  the  northern  light  twice 
this  autumn.  It  appeared  the  lird  time,  Septem¬ 
ber  1 6,  a  little  after  eight  at  night.  The  fky 
being  very  clear,  we  faw  bright  exhalations, 
which  coming  out  of  a  fort  of  a  fog  at  the  hori¬ 
zon,  rofe  n  or  150,  and  formed  a  very  vivid 
light.  This  light  at  fird  occupied  a  fmall  por¬ 
tion  of  the  horizon  tov/ard  the  north,  and  gradu¬ 
ally  diminifhed  ;  fo  that  at  8:’  ~  it  was  hardly 
vifible,  but  afterwards  it  increafed  confiderably  all 
at  once,  both  in  magnitude  and  brightnefs, 

*  Dec.  14,  1728. 
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being  extended  toward  the  N.  and  N.  E.  and  it 
appeared  very  bright  and  luminous  for  of  an 
hour,  that  is  from  8  ^  to  9  In  this  (late  it 
rofe  a  little  above  the  (tars  of  the  preceding  paw, 
and  of  the  pofterior  knee  of  the  Great  Bear .  Its 
bound  on  the  N.  W.  was  above  the  tail  of  the 
Great  Bea  ~,  and  on  the  N.  E.  fide  it  was  more 
eafterly  than  the  preceding  paw,  After  9  t  it 
diminifhed  a  few  minutes,  having  begun  to  fade 
at  its  eaftern  part,  there  remained  a  faint  track  of 
it  quite  to  the  rifing  of  the  moon. 

We  obferved  it  the  fecond  time,  Nov.  23,  at 
1  o'1  \  at  night.  The  fky  being  quite  covered,  we 
faw  the  light  come  only  out  of  one  place  of  the 
horizon,  very  near  the  north,  and  it  illuminated 
the  clouds  which  were  on  that  fide,  rifing  by 
intervals,  and  fpreading  upwards  to  10  or  i2c  in 
height.  It  was  not  continued  from  the  bottom 
to  the  top,  but  we  only  faw  the  lower  part  near 
the  horizon,  and  the  upper  part  that  was  mod 
diftant ;  the  middle,  which  was  two  degrees  in 
breath,  being  hid  by  a  cloud  parallel  to  the  ho¬ 
rizon.  Thus  there  were  fome  clouds  nearer  us, 
and  others  farther  off,  than  the  exhalations  which 
formed  the  light  •,  after  having  obferved  it  for 
half  an  hour,  it  disappeared. 
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Philosophical  Discoveries  and  Ob¬ 
servations  in  the  History  of  the 
Royal  Academy  of  Sciences  at 
Paris ,  for  the  year  1719. 

I.  On  the  aurora  borealis,  or  northern  light ; 
tranjlated  by  Mr.  Chambers. 

TH  E  light  above  treated  of,  appeared  again 
in  the  prefent  year  at  different  times  there¬ 
of,  and  in  different  countries  *,  it  had  fcarce  been 
feen  at  Paris  but  by  the  profeffed  obfervers,  till 
on  the  30th  of  March  at  -  paft  8  in  the  evening, 
when  it  became  a  popular  phenomenon  ;  the  peo¬ 
ple  in  the  ftreets  were  all  aftonifhed  at  it,  and  a 
cry  of  admiration  rofe  at  once  through  the  whole 
city.  M.  Maraldi  fortunately  happened  to  be  a 
fpeftator  of  the  meteor  ;  it  appeared  as  a  column 
of  fire  about  20  degrees  above  the  horizon,  and 
extended  almoft  parallelly  thereto  over  a  fpace  of 
25  or  30  degrees,  being  pointed  at  its  weflern 
extream,  and  fomewhat  above  the  femi-diameter 
of  the  fun  at  its  eaftern  one,  the  upper  part  all 
along  appeared  brighter  than  the  lower,  which 
was  very  red ;  but  the  whole  effaced  the  light  of 
the  moon,  though  then  in  her  8th  day,  and  very 
clear,  the  fky  being  perfectly  ferene.  The  fitua- 
tion  of  the  meteor  was  between  N.  N.  W.  and 
W.  and  it  feemed  to  have  a  little  motion  towards 
the  W.  but  M.  Maraldi  had  hardly  time  to  ob- 
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ferve  it  for  a  few  feconds,  ere  it  difappeared  all 
at  once,  without  altering  its  pofition  with  regard 
to  the  horizon. 

On  the  7th  of  Apr ily  at  9  in  the  evening,  M. 
Maraldi  obferved  another  meteor  equally  vivid 
with  the  former,  but  not  fo  ftill  nor  uniform  as 
it,  nor  of  fo  fhort  duration  ;  it  appeared  from  the 
north  eaif  to  the  north  weft,  and  by  the  columns 
which  rofe  from  it  from  time  to  time,  had  difap¬ 
peared  again,  refembling  that  already  treated  of 
for  the  year  17165  it  lafted  near  an  hour  and  j. 

When  fuch  meteors  are  not  ftill,  but  happen  to 
be  agitated,  their  agitation  is  ufually  found  to  be 
much  the  fame  ;  there  is  in  all  of  them  a  fund  or 
bafe  of  light,  from  whence  vertical  columns  fuc- 
ceflively  arife.  ’Tis  probable  that  in  the  general 
kindling  there  are  feme  matters  which  have  not 
yet  taken  fire,  but  which  catch  it  one  after  ano¬ 
ther,  beginning  always  to  burn  at  the  bottom,  as 
being  there  moft  inflammable. 

The  like  meteors  were  f'een  on  the  2  2d  of  Feb . 
at  Vicenza  and  Bologna,  and  on  the  2 5th  of  Alarch\ 
andatAIcnt  auban  mLanguedoc  an  hour  or  two  after 
fun-fet :  that  feen  in  Italy  could  not  by  Manfredi’s 
calculation  be  Jefs  than  four  leagues  above  the 
iurface  of  the  earth. 

It  appears  therefore  upon  the  whole,  that  for 
four  years,  commencing  from  the  year  1716  in- 
clufive,  this  meteor  has  appeared  very  frequently, 
though  during  all  the  ages  paft  we  have  no  ac¬ 
counts  of  above  four  appearances. 

The  generality  of  them  were  of  the  ftill  kind, 
and  appeared  one  or  two  hours  after  fun-fet,  in  a 
moderately  cold,  but  very  dry  feafon,  and  they 
appeared  in  different  parts  of  Europe ,  at  very 
imall  intervals  of  time.  This  laft  circumftance 
fliews  that  the  fame  difpofition  obtained  at  the 

fame 


Royal  Academy  of  Sciences.  357 

fame  time  through  a  large  extent  of  the  atmo- 
fphere,  which  M.  Maraldi  had  before  obferved 
by  the  variations  of  the  atmofphere. 

II.  On  the  general  canfe  of  cold  in  winter^ 
and  heat  in  fummer . 

That  which  is  no  doubt  among  philofophers, 
is  fometimes  a  doubt' among  the  generality;  and 
on  the  contrary,  what  is  no  doubt  among  the 
generality,  is  often  a  doubt  among  philofophers. 
There  are  but  few  elfe  who  can  find  difficulties  in 
the  general  caufe  of  cold  in  winter,  and  heat  in 
fummer,  and  in  the  particulars  of  this  whole 
affair.  M.  de  Mairan  has  been  of  opinion,  that 
hitherto  it  has  been  but  (lightly  examined,  tho* 
it  well  delerves  it. 

It  ftrikes  one  immediately,  that  this  general 
caufe  is  the  different  elevation  of  the  fun  above 
the  horizon  in  lummer  and  winter,  but  yet  it  re¬ 
quires  to  be  dilcuffed,  and  this  will  occafton  fome 
difficulty. 

The  rays  of  the  fun,  as  well  as  all  other  bodies, 
ftrike  a  plane,  which  receives  them  with  fo  much 
the  more  force  as  they  are  lefs  inclined  and  on  the 
contrary  ;  and  it  is  plain  that  in  fummer  they  are 
lefs  inclined  to  the  furface  of  the  earth,  if  we  take 
this  furface  to  be  exactly  fpherical,  and  it  muff 
needs  be  fo  efpecially  with  regard  to  the  rays  of 
the  fun.  The  fmootheft  plane  (and  what  muff 
the  reft  be  ?)  is  an  affemblage  of  an  infinite  num¬ 
ber  of  fmall  planes  differently  inclined,  and  re¬ 
ceiving  rays  from  the  fun  under  all  the  angles 
poffible,  fo  that  the  general  inclination  of  the  cli¬ 
mate  is  not  to  be  reckoned. 

For  this  reafon  fome  believe  that  itisnotuponthe 
unequal  furface  of  the  earth  that  this  inclination 
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of  the  climate  mud  be  taken,  but  upon  that  of 
the  atmofphere,  which  is  perfedlly  finooth,  be- 
caufe  it  is  a  fluid,  and  a  dill  fluid,  at  lead  in  its 
upper  region.  That  part  of  the  atmofphere  cor- 
refponding  to  the  climate  of  Paris ,  for  example* 
will  therefore  be  more  vigoroufly  druck  in  dim¬ 
mer  by  the  rays  of  the  fun,  and  confequently 
more  heated,  and  will  heat  Paris.  This  may  be: 
but  befides  this  mediate  heat  communicated  to  the 
earth  by  the  atmofphere,  which  does  not  hinder 
its  being  always  very  cold  upon  the  high  moun¬ 
tains  *,  there  is  manifedly  another  caufed  immedi¬ 
ately  upon  the  earth  by  the  lefs  inclined  rays  of  the 
fun,  which  we  now  principally  confider. 

Some  philofophers  refer  alfo  to  the  atmofphere, 
but  in  a  manner  fomething  different,  the  caufe  of 
the  heat  and  cold.  They  fay  that  bodies  being  as 
much  moreeafily  reflected  by  a  furface  upon  which 
they  fall,  as  they  fall  more  obliquely  upon  it,  (as 
appears  by  the  example  of  ducks  and  drakes  that 
are  made  upon  the  water  withdones,  which  would 
penetrate  it,  if  they  fell  with  lefs  inclination,)  the 
atmofphere  reflects  by  its  upper  and  convex  furface 
fo  many  more  rays,  and  confequently  lets  as  many 
lefs  of  them,  pafs  to  the  earth,  as  they  fall  more 
inclined,  and  on  the  contrary. 

But  M.  Mairan  pretends  that  by  all  the  experi¬ 
ments,  which  have  been  made,  and  by  thofe  which 
he  himfelf  has  made  upon  light,  it  does  not  appear 
that  when  its  incidence  is  more  oblique,  the  quan¬ 
tity  is  greater  that  is  reflected  from  it,  in  propor¬ 
tion  to  what  is  refradted.  The  example  of  the 
ducks  and  drakes  would  not  draw  a  confequence  for 
light,  which  has  its  properties  apart.  It  is  true, 
and  it  is  a  neceflfary  confequence  of  the  condanc 
and  determined  proportion  of  the  fines  of  incidence 
and  refradlion,  that  when  light  paflcs  from  aden- 
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fer  medium,  into  one  more  rare,  as  from  water 
into  air,  there  is  a  certain  determined  obliquity, 
after  which  every  ray  which  has  a  more  oblique 
incidence  cannot  but  be  refle&ed,  and  is  not  re¬ 
fracted  to  pafs  into  the  fecond  medium ,  which  per¬ 
fectly  reprefents  the  duck  and  drake.  But  here  we 
are  in  the  oppofite  cafe,  where  the  light  paftes 
from  a  more  rare  medium ,  into  a  more  denfe  one, 
from  the  aether  into  the  atmofphere,  and  that 
cafe  equally  permits  all  the  rays  to  be  refracted, 
whatfoever  their  incidence  may  be  ;  and  we  have 
no  room  to  fufpect  that  in  the  molt  oblique  inci- 
cidences  there  are  more  reflected  than  refracted. 

A  great  aftronomer  has  thought  that  the  heat  in- 
creafed  by  an  incidence  of  rays  upon  the  earth, 
approaching  more  to  a  perpendicularity,  becaufe 
a  perpendicular  ray  reflecting  upon  itfelfheatsa 
fecond  time  the  air,  which  it  has  already  heated-, 
and  that  the  other  rays  do  it  in  proportion  as  they 
approach  more  to  be  perpendicular.  But  it  is  vifi- 
ble  that  it  does  not  any  way  fignify  that  it  fhould 
be  the  fame  air  that  is  heated  a  fecond  time  by  the 
reflection  of  the  fame  rays,  and  that  all  reflected 
rays  will  heat  a  fecond  time  an  air  already  heated 
by  fome  other  incident  ray,  perfectly  equal  in  force 
to  the  firft. 

We  cannot  draw  any  thing  from  the  greateft  or 
lead  diftance  of  the  fun  from  the  earth,  when  it  is 
in  its  apogeum  or  in  its  perigeum .  It  is  now  in  its 
perigeum  at  the  end  of  December ,  and  this  greateft 
proximity  dees  not  at  all  foften  the  rigour  of  our 
winters,  and  will  but  little  increale  the  heat  of  the 
fummers  in  our  climate,  when  in  a  great  number 
of  ages  the  perigeum  fkall  be  in  the  month  of  June 
in  effeeft,  this  great  proximity  is  only  3-0part  of  the 
total  diftance  of  the  fun  from  the  earth. 
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M .  Mairan  has  therefore  recourfe  to  other  prin¬ 
ciples,  he  looks  upon  light  as  a  fluid,  and  this  is 
certainly  the  moft  natural  idea  that  we  can  frame 
of  it.  A  furface  being  determined,  a  fluid  which 
we  muft  conceive  as  divided  into  an  infinite  num¬ 
ber  of  threads  parallel  between  themfelves,  flrikes 
it  with  all  its  threads,  if  it  flrikes  it  perpendicularly; 
and  does  not  flrike  with  any,  if  it  is  parallel  to  it; 
from  whence  it  follows  that  the  more  obliquely  it 
flrikes  it,  the  fmaller  is  the  quantity  of  thread  by 
which  it  is  flruck,  and  on  the  contrary.  It  is  the 
fame  with  the  force  of  the  impetus  of  each  thread 
as  of  their  number,  the  impetus  has  all  its  force 
poffible  when  the  thread  is  perpendicular  to  the  lur- 
face,  and  when  it  is  parallel  this  force  is  null,  fince 
there  is  no  impetus  confequently  both  the  number 
and  force  of  the  threads  depending  upon  their  angle 
of  incidence  upon  the  furface,  they  are  each  of  them 
meafured  by  the  fine  of  this  angle,  and  both  to¬ 
gether  by  the  fquare  of  this  fine. 

We  find  by  the  tables,  that  at  Paris ,  the  fine 
of  the  meridian  height  of  the  fun  upon  the  horizon 
at  the  fummer  folftice,  is  to  the  fine  of  its  meridian 
height  at  the  winter  folftice,  pretty  near  as  3  to  1, 
and  confequently  the  whole  effect  of  the  rays  of 
the  fun,  or  the  noon  day  heat,  muft  be  nine  times 
greater  than  that  of  the  other. 

This  realoning  is  not  true  in  its  whole  extent, 
and  without  modification,  but  with  regard  to  the 
portion  of  the  exteriour  furface  of  the  atmofphere, 
correfponding  to  our  climate.  It  fubfifts  alfo  with 
regard  to  the  earth  or  Paris  as  to  the  quantity  of 
rays,  but  not  as  to  the  force  of  the  impetus ,  for, 
as  we  have  feen,  their  incidence  is  always  very  dif¬ 
ferent  upon  planes  differently  inclined  to  the  ground 
of  Paris ,  M.  de  Mairan  fupplies  this  by  a  reflec¬ 
tion^  imagines  and  has  alfo  obferved  that  all  fmall 
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planes  differently  inclined,  which  forms  the  unequal 
furface  of  a  ground,  being  (truck  by  the  rays  of 
the  fun,  throw  fhadows  on  the  oppofite  fide,  that 
thefe  fhadows  being  fo  much  the  longer  as  the 
fun  is  lefs  elevated,  they  cool,  as  one  may  fay,  a 
greater  number  of  neighbouring  planes,  and  than 
therefore  the  earth  is  fo  much  the  lefs  heated*  and 
that  it  is  the  contrary  when  the  fun  is  more  elevated; 
then  the  mixture  of  fhadow  being  much  lefs,  al- 
moft  all  is  on  fire.  By  this  means  the  effedt  of  the 
force  of  the  rays  of  the  fun  follows,  as  well  as  their 
quantity,  the  different  heights  of  the  fun  upon  the 
horizon. 

To  the  two  principles  already  found  of  a  greater 
heat  at  the  fummer  folftice,  he  adds  a  third  which 
muft  have  a  great  deal  of  effedt.  The  more  the 
rays  are  inclined,  the  greater  thicknefs  of  the  at- 
mofphere  they  have  to  crofs,  or  the  greater  way 
they  make,  and  confequently  they  meet  fo  many 
more  folid  parts  which  intercept,  or  extinguifh 
them,  and  on  the  contrary.  But  we  cannot  be 
affured  that  this  third  principle  follows,  as  the 
two  other  do,  the  proportion  of  the  fines  of  the 
.height  of  the  fun.  The  reafon  of  this  difference 
is,  that  the  firft  and  fecond  are  contained  between 
two  fixed  and  determined  points,  one  of  which  is 
the  perpendicularity  where  the  rays  have  their 
whole  force,  and  their  intire  number,  and  the 
other  the  parallelifm  where  they  have  no  force, 
and  are  not  in  any  number ;  but  the  third  prin¬ 
ciple  is  not  of  this  nature ;  in  the  cafe  of  perpen¬ 
dicularity  itfelf,  there  are  alfo  rays  intercepted  or 
extinguished  by  the  atmofphere  ;  and  we  cannon 
tell  what  quantity  there  is  of  them,  nor  how 
much  greater  they  are  for  each  angle  of  inclina¬ 
tion.  It  is-  therefore  only  by  eftimation  that  we 
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can  meafure  this  third  principle,  and  therefore 
the  eftimate  muft  be  different  for  each  climate. 

The  augmentation  or  diminution  of  light  fol¬ 
lows  that  of  heat,  and  it  is  certain  that  a  country  is 
fcnfibly  lefs  illuminated  in  winter  than  in  fummer. 
jVL  Mairan  has  obferved  in  the  eclipfes  of  the 
fun,  that  when  half  its  difk  is  covered,  and  that 
confequently  it  fends  us  but  half  its  rays,  yet  there 
is  not  any  diminution  of  light  that  is  fenfible*,  and 
from  hence  he  judges  pretty  certainly  that  when 
it  is  fo,  as  in  winter,  there  is  then  a  dimunition  of 
more  than  half  its  rays.  He  takes  but  the  half 
to  avoid  fwelling  his  calculation  ;  and  confe¬ 
quently  there  has  been  twice  as  many  rays  which 
penetrate  the  atmofphere,  and  come  to  us  *,  or, 
which  is  the  fame  thing,  the  third  principle  mul¬ 
tiplied  by  two,  the  product  of  the  two  others, 
which  was  nine  for  Paris  ;  or,  laftly,  the  heat  of 
the  fummer  folftice  is  eighteen  times  greater  than 
that  of  the  winter  folftice. 

This  would  be  geometrically  true,  if  the  fun 
was  one  moment  at  the  fummer  folftice,  and  in 
the  next  at  the  winter  folftice  *,  and  if  we  compa¬ 
red  theft  two  moments  together,  but  phyfically 
this  is  nor,  nor  cannot  be  fo.  The  fun  gives 
greater  heat  to  the  grounds  already  heated  *,  and 
hence  it  is  that  after  the  fummer  folftice  the 
heat  is  greater  than  before  this  folftice,  at  the 
fame  height  of  the  fun.  There  is  in  the  adlion  of 
heat  a  fort  of  acceleration,  but  we  cannot  keep  an 
exadl  account  of  it,  and  fo  much  the  lefs,  as  it  is 
interrupted  by  the  nights,  and  always  unequally 
interrupted  in  our  oblique  fphere.  But,  laftly, 
there  is  always  feme  remainder  of  acceleration, 
which  augments  the  proportion  of  18  to  1  of  any 
value,  it  muft  go  a  good  way,  if  we  judge  of  it 
by  the  very  fenfible  difference  of  the  heat  which 
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follows  the  fummer  fold  ice  to  that  which  pre- 
ceeds  it.  It  is  the  fame  thing  with  the  winter 
folftice,  which  is  followed  by  a  much  greater 
cold  than  that  which  preceeds  it.  This  accelera¬ 
tion  of  heat  or  cold  is  commonly  in  its  greateft 
force  forty  days  after  both  the  folftices. 

Palling  over  all  the  particular  and  probably 
infurmountable  difficulties  which  are  found  in  the 
calculation  of  the  acceleration  of  heat,  M.  Mai- 
ran  judges  in  general  that  it  muft  be  proportioned 
to  the  length  of  the  days  which  are  toward  the 
dimmer  folftice.  Now  they  are  then  at  Paris 
twice  as  long  as  thofe  of  the  winter  folftice.  But 
there  is  befides,  not  only  that  the  fun  has  been 
twice  as  long  above  the  horizon,  but  it  has  had 
three  times  as  much  force.  It  is  true  that  this 
force  feemsto  have  been  already  employed,  when 
we  have  found  the  proportion  of  9  to  1  for  the 
dimmer  folftice,  and  that  of  the  winter  ;  but  it 
muft  be  obferved  that  this  is  not  the  fame  force. 
The  firft  was  that  of  the  rays  oi  one  folftice  com¬ 
pared  to  thofe  of  another  ;  the  lecond,  of  which 
we  hear  fpeak,  is  that  which  remains  from  the 
day  of  the  dimmer  folftice  to  the  following,  and 
from  this  to  another,  fince  it  is  only  in  this  that 
the  acceleration  confifts.  We  may  therefore  take 
the  proportion  of  6  to  1  for  that  of  the  accelera¬ 
tion  of  heat  caufed  by  the  dimmer  folftice,  or  in- 
creafing  from  this  folftice,  to  the  acceleration  of 
heat  decreaftng  to  the  winter  folftice,  or  which  is 
the  fame  thing,  to  the  cold  of  this  folftice.  But 
M.  de  Mai  ran,  to  fet  all  at  the  lowed:  rate,  takes 
only  the  proportion  of  4  to  1,  which  multiplying 
the  proportion  of  18  to  1,  gives  him  for  Paris 
the  greateft  heat  of  dimmer  feventy^two  times 
greater  than  that  of  winter. 
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He  has  however  been  fo  fcrupulous  as  not  to 
keep  yet  to  this  proportion.  He  has  confidered 
that  the  proportion  of  the  fines  of  the  winter  fol- 
ftice  is  not  exactly  that  of  3  to  1  ;  that  the  refrac¬ 
tion  elevating  the  fun,  though  unequally,  makes 
its  rays  remain  a  longer  time  above  the  horizon  ; 
and  laftly,  that  it  is  nearer  the  earth  during  our 
winter  :  and  all  this  being  reckoned,  reduces  the 
proportion  fought  to  be  that  of  66  to  1. 

M.  de  Mairan  himfelf  makes  an  objedtion, 
which  feems  at  firft  to  overthrow  his  theory  and 
calculation  irrecoverably.  We  have  faid  in  the 
hiftory  of  1702,  that  by  M.  Amontons’s  obferva- 
tions,  the  heat  that  is  made  at  Paris  by  the  rays  of 
the  fun  at  noon  in  the  fummer  foljtiee ,  differs  from 
the  cold  that  is  there  when  water  freezes ,  only  as 
60  differs  from  51  },  or  nearly  as  8  from  7.  What 
becomes  then  of  the  proportion  of  66  to  1  ? 

M.  Amontons* s  experiments  were  made  with  the 
thermometer,  which  feels,  if  I  may  fo  fay,  all  the 
heat  that  is  in  a  place,  and  gives  an  account  of  it. 
Thus  at  the  winter  folftice  there  are  at  Paris  51^ 
\  of  heat,  and  6o°  at  the  fummer  folftice.  But  M. 
de  Mairan’s  calculation  marks  only  the  propor¬ 
tion  of  the  heat  that  the  fun  produces  in  winter, 
to  that  which  is  in  fummer  *,  fo  that  if  there  was  a 
fund  of  heat  independent  of  the  fun,  caufed  either 
by  the  continual  agitation  of  the  fubtile  matter, 
or  by  the  lubterraneous  fires  •,  or  elfe  if  the  earth 
fhali  at  length  acquire  by  the  adtion  of  the  fun,  and 
not  lofe  it  any  more,  the  heat  of  the  winter  will 
be  one  degree,  which  will  be  added  to  this  fund 
of  heat,  and  the  heat  of  fummer  66  degrees. 
Now  it  is  ealy  to  find  a  number,  that  by  adding 
to  it  1  on  one  fide,  and  66  on  the  other,  the  two 
new  numbers  refulting  from  thefe  additions,  may 
be  as  5 1  \  to  60.  This  number  is  393  within  a 
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Fraction;  fo  that  we  have  393  for  the  conftant 
and  perpetual  fund  of  heat  ot  the  climate  ol  Pa - 
ris9  to  which  the  adtion  of  the  fun  adds  1  to  the 
winter  folftice,  and  66  to  the  fummer  folftice. 

III.  On  the  wafps. 

The  wafps  are  no  lefs  the  object  of  the  con¬ 
tempt  and  averlion  of  men,  than  bees  are  of  their 
favour  and  efteem.  Their  work  is  abfolutely 
ufelefs  to  us,  and  they  are  enemies  to  the  bees 
which  are  our  favourites.  But  as  it  is  not  what 
is  ufeful  or  agreeable  to  us  that  ought  to  regulate 
the  orders  of  beings  in  the  univerle,  wafps  and 
bees  are  pretty  equal  in  the  eyes  of  philofophers ; 
which  in  this,  if  it  is  not  too  prefumptuous  a 
thought,  imitate  in  fome  meafure  the  eyes  of  the 
creator.  After  the  ftudy  that  M.  Maraldi  has 
made  of  the  bees,  which  we  have  given  an  ac¬ 
count  of  in  1712,  M.  de  Reaumur  has  done  as 
much  upon  the  wafps,  another  nation  lefs  known, 
lefs  polite,  and  more  grofs  •,  and  which  are  with 
regard  to  the  bees,  what  the  Spartans  were  with 
regard  to  the  Athenians.  We  are  going  to  fee 
the  difference  and  the  conformity  of  the  two  go¬ 
vernments,  fuppofing  that  of  the  bees  to  be  known 
by  the  hiftory  of  1712. 

All  wafps,  as  well  as  bees,  conflrudt:  an  edifice, 
which  confifts  of  combs  with  hexagonal  cells. 
M.  de  Reaumur  diftinguifhes  three  forts  of  wafps 
with  regard  to  their  different  places  where  they 
inhabit.  The  firft  build  them  in  the  open  air 
upon  branches  of  trees,  the  fecond  in  trunks  or  in 
granaries  that  are  but  little  frequented,  and  the  lafl 
under  ground.  The  fecond  fort  are  hornets ;  they 
are  the  biggeft  of  all ;  the  third  are  the  molt 
common  in  this  country  ;  and  though  the  fituation 
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of  their  neft  renders  them  more  difficult  to  be  ob¬ 
served,  at  leaft  as  to  the  inlide  of  their  Hate  ;  it 
is  however  upon  theie  that  M.  Reaumur  has  made 
his. principal  observations.  He  has  had  the  art, 
and  even  courage,  for  this  is  not  done  without 
Some  danger,  to  difeover  the  nefts  in  their  holes, 
and  remove  them  into  glafs  hives,  where  they 
were  expofed  to  view  as  the  works  of  bees  are. 

A  neft  is  commonly  round,  and  about  13  or 
14  inches  in  diameter  ;  the  materials  that  it  is 
made  with,  is  more  like  fine  paper  riian  any 
thing  elfe.  We  fee  at  firft  a  pretty  thick  cover¬ 
ing,  which  is  of  many  leaves  of  this  paper  put 
one  upon  another.  It  mult  not  however  be  ima¬ 
gined  that  each  of  thefe  leaves  are  one  piece,  or 
that  they  make  one  fingle  plane  ;  each  is  in  fevc- 
ral  pieces  in  the  fhape  of  an  oyfter-lhell,  and  have 
their  convexity  on  the  outfide  ;  thefe  fort  of  fhells 
are,  as  it  were,  glued  together  in  a  very  fenfible 
manner,  at  the  edges,  and  there  they  are  pretty 
eafily  feparated.  Several  leaves  or  layers  thus 
formed  necefiarily  leave  great  fpaces  between  ;  fo 
that  in  the  whole  coverings  which  they  compofe, 
although  pretty  thick,  there  enters  but  little 
matter.  The  ipace  contained  in  the  inner  furface 
of  this  covering,  is  cut  by  1 5  plains  at  moft,  pla¬ 
ced  horizontally  upon  one  another,  and  confe- 
quently,  becaufe  of  the  fpherical  figure  of  the 
neft  ;  fo  that  the  firft  and  Jaft  are  the  leaft,  and 
the  middle  one  the  greateft.  There  are  intervals 
of  \  an  inch  left  between  them  ;  they  are  fattened 
by  their  edges  to  the  inner  furface  of  the  covering, 
and  are  hung  to  one  another  by  ligaments  dilpo- 
fed  from  fpace  to  fpace,  they  are  exadfly  of  the 
fame  matter  with  the  common  covering,  and  all 
have  hexagonal  cells  in  their  lower  iurface,  of 
the  lame  matter.  Thefe  are  the  combs  or  cakes 
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of  the  wafps.  The  cells  are  only  defigned  to  re* 
ceive  their  eggs,  and  there  is  no  provifion  in 
them  as  in  thofe  of  the  bees.  The  common  co¬ 
vering  of  the  neft  is  pierced  by  two  holes  at  a 
diftance  from  one  another,  one  of  which  is  only 
ufed  for  the  entrance  of  the  wafps,  and  the  other 
only  for  their  going  out.  It  is  feldom  that  any 
bold  or  venturelome  wafp  changes  the  ufe  of  either 
of  thefe  doors. 

As  almoft’  all  the  wafps  perifh  in  the  winter, 
we  may  fuppofe  that  at  the  beginning  of  the 
fpring  there  remains  only  10  or  12  in  a  neft,  or 
even  only  one  ;  for  it  is  poflible  that  one  may  be 
fufficient  to  reftore  the  nation.  This  wafp  will 
forfake  the  old  neft  where  it  has  lived  till  then, 
and  will  undertake  to  conftrudt  another,  or  rather 
lay  the  foundation  of  it.  For  this  purpofe  it  goes 
into  the  fields,  and  gathers  together  wherewithal 
to  make  its  paper,  which  is  little  bits  of  woods, 
as  faw-duft  taken  from  certain  woods,  fuch  as 
the  props  of  vines,  window- fhutters,  &c.  the  fur- 
face  of  which  having  been  often  wet  with  the 
rain,  is  become  fofter  by  it*,  in  the  gnawing  it 
endeavours  to  detach  threads  from  it.  Thefe 
threads  glue  together  either  by  their  natural  vif- 
cofity,  or  by  the  addition  of  feme  glutinous  liquor 
from  the  wafps;  they  compofe  then  a  fort  of  paftc 
which  fpreads  and  draws  eafily,  like  that  of  which 
the  paper  is  made.  Of  thefe  materials  the  wafp 
builds  the  firft  little  dome  of  the  fpherical  neft, 
which  it  has  glued  on  the  outfide  to  fome  folid 
place,  and  it  does  not  forget  to  fallen  ligaments 
on  the  infide,  which  are  to  hold  the  firft  cake 
fufpended  horizontally.  It  proceeds  in  the  fame 
manner  to  the  conftrudtion  of  the  fecond  cake, 
and  at  the  fame  time  makes  the  portion  of  the 
common  covering  which  is  to  anfwer  to  it.  In 
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each  cake,  and  with  the  fame  matter,  it  raifes  the 
walls  of  the  hexagonal  cells,  but  yet  in  fuch  a 
manner,  that  thofe  which  are  exactly  at  the  edge 
of  the  cake  are  not  hexagonal,  but  only  have 
three  faces  toward  the  centre  of  the  cake,  where 
they  are  touched  by  other  cells,  they  are  femicir- 
cular  on  the  other  fide,  which  is  the  edge  of  the 
cake.  As  the  cells  at  the  centre  are  firft  built, 
each  has  been  in  the  time  of  its  conftrudtion  an 
outward  cell,  and  confequently  was  a  cell  with 
three  faces  on  one  fide,  and  femicircular  on  the 
other. 

As  foon  as  there  are  a  few  cells  made,  the  wafp 
lays  an  egg  in  each  of  them.  It  was  fecundated 
in  the  preceding  Oftober ,  and  during  the  whole 
winter  which  it  has  paffed  without  eating,  the 
principle  of  this  fecundation  remained  alfo  with¬ 
out  adtion,  and  waited  for  the  fpring  to  put  the 
eggs  in  a  (late  and  neceflity  of  coming  out.  The 
egg  hatched  is  at  firft  a  worm,  and  afterwards  a 
fly,  in  the  fame  manner  as  the  bees,  and  a  thou- 
land  other  infedts  are.  We  ftiall  leave  the  hiftory  of 
the  egg  and  its  metamorphofis  to  M.  de  Reau¬ 
mur.  The  wafp  muft  have  nouriftted  the  little 
worms  its  infants ;  it  brings  them  either  juices 
which  it  has  taken  upon  plants,  and  which  it 
difcharges  in  its  neft,  or  bellies  of  infedts,  or  even 
bits  of  meat  ftolen  from  the  butcher’s  fhops,  and 
fometimes  almoft  as  big  as  itfelf. 

As  in  general  the  worms  that  metamorphofe 
themfelves  and  take  wings,  have  all  their  magni¬ 
tude  and  ftrength  as  foon  as  they  are  winged,  the 
new-born  wafps  aflift  their  mother  in  continuing 
the  conftrudtion  of  the  neft  which  has  not  at  all 
advanced  ;  and  in  proportion  as  it  advances, 
which  is  very  faft,  becaufe  there  are  a  great  many 
labourers,  the  mother  Jays  new  eggs  in  the  new 
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cells,  and  the  young  wafps  help  it  alfo  to  nourifli 
their  brothers  and  fillers.  According  to  this  con- 
ftant  order,  the  neft  isfinilhed  and  filled  with  in¬ 
habitants. 

This  fuppofes  a  fruitfulnefs  in  one  fingle  wafp, 
for  all  is  proceeded  from  it.  There  are  at  leaft  ten 
thoufand  cells  in  a  neft,  each  of  which  has  recei¬ 
ved  an  egg.  But  befides  each  receives  fucceffive- 
ly  two  or  three  of  them  in  a  fummer  ,  and  at  this 
rate  one  fly  would  produce  25  or  30  thoufand  of 
them.  But  we  have  already  feen  that  the  king 
of  the  bees  may  be  as  fruitful :  it  is  neceffary  that 
'in  a  fpecies  which  perifh  almoft  entirely  in  the 
winter,  and  is  very  numerous  in  the  fummer,  the 
individuals  which  repair  it  fhould  be  prodigioufiy 
fruitful ;  feveral  fillies  give  us  the  idea  of  a  yet 
greater  fruitfulnefs.  In  fhort,  it  does  not  belong 
to  our  imaginations  and  our  fhort  experience  to 
prefcribe  bounds  to  any  thing. 

There  are  in  a  hive  of  bees,  as  we  have  feen 
in  1712,  three  forts  of  flies.  The  bees,  properly 
fo  called,  which  are  all  barren,  neither  males  nor 
females ;  the  king,  which  of  himfelf  makes  a 
fpecies  alone,  and  is  the  only  one  which  lays  eggs, 
is  confequently  female,  and  would  better  deferve 
the  name  of  queen  ^  the  drones,  which  are  all 
males,  and  the  males  of  the  queen  alone,  fine  re- 
fembles  fome  queens  of  the  Eaft  and  Africa > 
which  are  faid  to  have  feraglio's  of  men.  M.  de 
Reaumur  has  diftinguifhed  alfo  among  the  wafps 
thefe  three  forts :  he  calls  thofe  mules  which  are 
neither  males  nor  females,  and  confequently  bar¬ 
ren  •  they  deferve  this  name  alfo  by  being  the 
ftrongeft  and  mod  laborious  of  all.  There  is  not 
only  one  female,  or  at  moll  two  or  three,  as 
among  the  bees,  but  fome  hundreds.  It  is  the 
lime  with  the  males,  and  the  number  of  the 
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mules  is  without  comparifon  the  greatell.  They 
are  alfo  the  ftnalleft  in  the  fpecies,  the  males  are 
the  next,  and  then  the  females.  Thefe  laft  have 
a  great  heavy  belly,  which  agrees  with  the  pro¬ 
digious  quantity  of  eggs  with  which  they  are 
charged.  The  males  which  are  of  the  figure  of 
the  drones  among  the  bees,  are  alfo  like  them  in 
this,  that  they  have  no  fting ;  the  mules  and  fe¬ 
males  are  provided  with  them. 

The  offices  are  well  enough  diftributed  in  this 
republick,  and  almoft  as  in  that  of  the  bees. 
The  mules,  which  becaufe  of  their  barrennefs  are 
mfelefs  for  futurity,  carry  at  prefent  the  heavieft 
burdens ;  they  go  to  feek  for  the  materials  for 
the  building,  they  conftruft  it,  they  go  to  the 
chafe,  and  for  provifions  as  well  for  themfelves 
as  for  all  the  other  flies  remaining  in  the  neff, 
and  even  for  the  little  ones.  The  females  never 
build  unlefs  it  be  at  the  beginning  of  the  fpring, 
when  the  number  of  labourers  being  then  very 
fmall,  they  are  all  forced  to  fet  their  hand  to  the 
work.  As  to  the  reft,  the  care  of  their  young 
ones  alone  imploys  them.  The  males  have  a 
leifure  joined  with  dignity,  and  this  dignity  is 
being  males,  the  propagators  of  the  fpecies,  and 
the  guardians  of  its  perpetuity. 

One  thing  which  is  lingular,  and  which  M.  de 
Reaumur  has  difcovered,  is  that  when  the  Angle 
walp,  as  we  have  fuppofed  at  the  beginning,  or 
feveral  which  have  furvived  the  reft  of  the  nation 
extinguished  by  the  rigour  of  the  winter,  fee 
themlelves,  at  the  return  of  the  fpring,  to  re-efta- 
blifh  it  by  laying  their  eggs,  they  lay  at  firft,  and 
for  fome  time  only  the  eggs,  which  muft  hatch 
mules  ;  and  during  this  time,  both  they  and  the 
young  wafps,  companions  of  their  work,  only 
build  cells  to  lodge  the  eggs  of  mules  >  for  the 
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mules  being  much  the  fmalleft,  and  likewife  the 
eggs  from  whence  they  proceed,  they  only  require 
the  fmalleft  cells.  They  afterwards  build  greater 
cells,  and  fill  them  with  the  largeft  eggs,  which 
are  thofe  of  the  males  and  females.  Although 
the  males  and  females  differ  in  fize,  the  eggs  that 
produce  them  do  not  differ  enough  to  require  un¬ 
equal  cells.  It  appears  that  in  the  regeneration 
of  the  fpecies,  the  mules  are  produced  the  firft, 
becaufe  they  are  the  greateft  workers,  and  the 
moft  neceffary  for  the  growing  ftate.  Nature 
muft  therefore  have  ranged  the  eggs  in  the  ovary 
of  a  female  wafp  according  to  a  certain  order,  or 
has  difpofed  their  fecundation  fo  as  not  to  pro¬ 
ceed  but  according  to  this  order. 

The  copulation  of  the  males  and  females  is 
vifible,  and  M.  de  Reaumur  has  given  an  exadt 
account  of  it.  It  is  in  Oftober^  as  is  that  of  all 
other  flies.  As  there  are  in  one  neft  two  or  three 
hundred  male  wafps,  and  as  many  females,  it 
would  be  difficult  for  fo  great  a  people  to  conceal 
their  amours  like  the  queen  of  the  bees,  who  is 
fingle,  or  has  but  few  companions  j  not  to  men¬ 
tion  that  the  wafps  perhaps  may  not  have  natu¬ 
rally  fuch  abundance  of  modefty.  Which  way 
foever  it  is,  the  wafps  have  betrayed  the  myfteri- 
ous  queen  of  the  bees ;  for  M.  de  Reaumur ,  after 
having  feen  the  copulation  of  the  male  and  fe¬ 
male  wafps,  does  not  queftion  there  being  the 
fame  between  the  drones  and  this  queen. 

We  have  feen  in  the  hiftory  of  the  bees,  that 
at  the  beginning  of  the  cold,  or  of  the  winter, 
they  declare  war  againft  the  drones,  kill  them  or 
drive  them  away,  and  even  deftroy  all  the  eggs 
which  would  become  drones.  The  wafps  are  yet 
worfe  at  that  feafon  j  they  deftroy  all  the  eggs 
and  all  the  young  ones  without  exception.  The 
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mules~and  males  work  at  it  with  fury  ;  there  are 
only  females  or  the  mothers,  that  M.  de  Reaumur 
has  not  fufficiently  convicted  of  barbarity.  Per¬ 
haps  after  all,  this  is  only  an  appearance  of  bar¬ 
barity,  the  wafps  make  no  provifions  for  the 
winter,  and  they  lave  their  little  ones  a  great  deal 
of  pining  and  buffering. 

They  referve  that  for  themfelves  ;  they  eat  no¬ 
thing  during  the  winter,  even  though  they  are 
follicited  to  it  by  prefenting  to  them  what  they 
are  fondeft  of.  All  the  mules  and  males  die, 
there  only  efcape  feme  females,  perhaps  a  fingle 
one  in  the  whole  neft.  They  were  fecundated  in 
tire  preceding  October,  and  that  is  the  recovery  of 
the  nation,  which  at  the  beginning  or  the  fpring 
will  be  repaired,  as  we  have  laid. 

What  diverfity  reigns  among  the  different  fpe- 
cies  of  animals  with  regard  to  generation  ?  There 
are  fome  where  all  are  males  and  females  at  the 
fame  time,  others  where  there  is  hardly  male  or 
female,  and  where  all  are  without  fex  except  a 
few  individuals.  Nature  feems  to  have  taken 
pleafure  in  following  the  rules  of  combination, 
and  the  more  we  compare  together  its  different 
works,  the  more  wre  fhall  find  this  genius  of  com¬ 
bination  to  prevail.  Perhaps  by  following  this 
idea  we  might  fometimes  make  a  pretty  happy 
conjecture. 

Explanation  of  the  figures  in  the  hifiory  of 

the  walps, 

Plate  VIII.  reprefents  the  principal  fpecies  of 
thefe  mfeCls,  and  fome  of  their  parts  drawn  fepa- 
rately,  feen  through  a  microfcope. 

Fig.  i .  is  a  v'afp  of  the  molt  common  fpecies  in 
this  country  ;  it  is  one  of  the  third  clafs,  or  fub- 

terraneous 
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terraneous  wafps,  and  is  of  the  gender  with 
thofe  which  *  we  have  called  mules. 

Fig.  2  and  3.  are  wafps  of  the  fame  clafs  and 
fpecies  with  the  preceding,  but  they  are  the  males 
of  this  fpecies. 

Fig.  4  and  5.  are  the  females  of  the  fame  fpe¬ 
cies. 

Fig.  6  is,  as  fig.  1.  that  of  a  mule,  butfmaller; 
it  is  found  in  the  fame  neft.  There  are  much 
fewer  of  thefe  little  mules  than  of  the  others. 

Fig.  7.  is  a  mother  wafp  of  fig.  4  and  5,  feen 
on  the  fide  of  the  belly. 

Fig .  8.  is  the  head  of  one  of  the  preceding 
wafps,  enlarged  by  a  microfcope,  and  feen  in 
front.  The  heads  of  the  mothers,  males  and 
mules,  do  not  differ  fenfibly  from  one  another 
but  in  bignefs ;  a  a  the  antenna ;  b  b  the  eyes 
like  thofe  of  other  flies  ;  c  c  the  faws  or  movea¬ 
ble  teeth,  which  ferve  them  for  many  ufes. 

Fig .  9.  is  the  head  of  a  wafp  of  the  fame  fpe¬ 
cies  feen  underneath,  the  faws  are  removed,  and 
the  trunk  preffed  towards  its  origin  to  oblige  it 
to  lengthen  *,  c  c  the  two  faws ;  d  d  the  trunk. 

Fig.  10.  the  fame  head  feen  above;  cc  the 
faws  ;  d  the  trunk  ;  b  b  the  antenna. 

Fig .  1 1.  part  of  the  trunk  reprefented  feparately. 

Fig.  12.  the  faws  reprefently  feparately. 

Fig.  13.  a  worm  which  is  to  become  a  mother 
wafp  ;  a  is  the  head  of  it. 

Fig.  34  and  15.  are  thofe  of  the  worm  of  fig , 
13.  when  it  is  transformed  into  a  chryjalis . 

Fig.  1 4.  reprefents  the  chryfalis  feen  on  the 
fide  of  the  back  ;  and 

Fig.  15.  reprefents  it  feen  on  the  fide  of  the 
belly. 

Fig.  1 6.  is  the  chryfalis  ready  to  become  a 
wafp  ;  m  is  a  portion  of  the  cafe  which  covers 

all 
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all  the  parts  of  the  infedl  which  has  been  drawn 
downwards.  This  cafe  is  made  of  a  thin  white 
membrane,  fo  that  it  is  not  feen  upon  the  parrs 
which  it  covers,  when  it  is  fpread  upon  it  ;  but 
if  we  rub  thefe  parts,  we  loofen  this  membrane, 
and  then  it  becomes  fenfible,  and  the  parts  from 
whence  we  take  it  away,  appear  of  a  more  lively 
colour,  and  not  fo  white  as  before. 

Fig,  17.  is  the  fcaly  part  which  terminates  the 
body  of  the  male  wafps  of  fig.  2  and  3.  This 
part  is  reprefented  magnified  by  the  microfcope; 
e  is  the  brown  and  fcaly  part  which  holds  to  the 
lalt  of  the  rings;  ff  the  two  fcaly  pinchers  between 
which  is  the  part  of  the  infed:  intended  for  gene¬ 
ration  ;  g  the  end  of  the  part  made  like  a  fpoon, 
and  feen  on  the  hollow  fide  of  the  fpoon. 

Fig.  18.  are  the  fame  parts  as  thofe  of  fig.  ij, 
but  more  magnified  by  the  microfcope,  and  feen 
on  the  oppofite  fide ;  h  the  two  pinchers ;  K  the 
fpoon,  of  which  we  fee  the  bowl  in  the  convex 
fide  ;  i  i  are  perhaps  fpermatick  veffels. 

Fig .  19.  the  part  intended  for  generation  re¬ 
prefented  ieparately  ;  I  is  the  body  or  handle  of 
the  fpoon,  of  which  g  is  the  bowl. 

Fig.  20.  is  a  mother  walp  of  the  fecond  clafs, 
or  hornet. 

Fig.  21.  the  male  of  the  hornets;  the  mules 
are  not  very  different  from  it. 

Fig.  22.  the  head  of  the  hornets  magnified  and 
feen  underneath. 

Fig.  23  and  24.  are  the  parts  of  the  male  hor¬ 
nets  feen  at  the  top  and  underneath  ;  f  f  the  two 
brown  and  fcaly  pinchers  ;  K  g  the  parts  which 
diftinguifn  the  male. 

Fig.  25  and  26.  wafps  of  the  firfl  clafs.  We 
have  not  thought  it  necelfary  to  reprefent  here  the 
differences  which  are  between  the  males,  the  fe¬ 
males. 
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males,  and  the  mules  *,  the  differences  in  thicknefs 
and  magnitude  are  fenfible,  but  they  are  not  very 
confiderable. 

Fig.  27.  is  a  worm  of  this  clafs  ready  to  change 
into  a  chryfalis ;  a  is  the  head  of  it. 

Fig.  28.  is  the  head  of  a  worm  magnified  and 
reprefented  feen  on  the  face  ;  b  is  the  opening  of 
the  mouth ;  I  call  it  mouth,  becaufe  there  does 
not  appear  any  tube  which  forms  a  trunk,  as  there 
is  one  in  the  flies,  to  which  Hate  this  worm  is  to 
arrive. 

Fig.  29.  reprefents  a  neft  feen  on  the  out  fide. 
It  is  however  difficult  to  be  able  to  form  a  clear 
idea  upon  this  figure,  in  which  all  the  parts  are 
confiderably  lefs  than  nature.  This  neft  is  almoft 
14  inches  in  its  greateft  diameter. 

Fig .  30.  is  a  little  bit  of  this  neft  reprefented 
pretty  near  of  the  natural  fize  ;  a  is  a  wafp  which 
labours  at  in  larging  and  cloflng  an  arch. 

Fig.  31.  is  a  portion  of  the  covering  of  the 
neft  cut  vertically,  to  ffiew  how  the  arches  are 
placed  one  upon  another,  and  the  vacuities  which 
they  leave  between. 

Fig .  32.  reprefents  only  one  of  thofe  arched  pie¬ 
ces,  the  affemblage  of  which  forms  the  covering  of 
the  neft. 

Fig.  33.  is  a  neft,  of  which  part  of  the  cover¬ 
ing  is  taken  away  to  difcover  the  infide  ;  a  a  is 
the  covering  that  remains ;  bb,  cc,  dd,  ee,  ff,  &V. 
mark  different  cakes  which  poffefs  the  inflde  of 
the  neft.  The  apertures  of  the  cells  appear  un¬ 
derneath  the  cakes :  the  apertures  of  the  cells  of 
the  upper  cakes  bb,  cc,  dd,  ee,  are  lefs  than  thofe 
of  the  cells  of  the  lower  cakes  ff,  gg  ;  the  mules 
are  raifed  in  the  cells  of  the  flrft,  the  males  and 
females  in  thofe  of  the  Jaft.  Thefe  laft  cakes  gg, 
hh,  are  not  fo  thick  as  the  others,  but  it  is  becaufe 

they 
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they  are  not  quite  finifhed.  An  egg  or  a  worm  is 
often  depofited  in  a  cell  which  is  but  juft  begun. 
Between  two  cakes  we  fee  the  lines  which  fufpend 
the  lower  ones  to  the  upper  ones. 

Fig.  34.  is  one  of  the  cakes  reprefented  fepa- 
rately,  and  feen  above  ;  PPP  mark  fome  of  the 
lines  which  fufpend  this  cake. 

Fig.  35.  a  cake  feen  reverfed,  that  the  aper¬ 
tures  of  the  cells  may  appear  upwards.  It  is  eafy 
to  diftinguifh  therein  the  open  cells  from  thofe 
which  have  been  flopped  by  the  worms  ready  to 
be  metamorphofed.  Some  flies  are  ready  to  come 
out  of  fome  of  the  cells.  Some  flies  are  entered 
into  others  with  their  head  fore  mo  ft,  and  fhew 
only  the  end  of  their  tail. 

Fig.  36.  Some  cells  reprefented  almoft  of  their 
natural  fize,  that  their  covering  may  be  more 
fenfible,  and  that  the  ftru&ure  of  the  cells  may 
be  the  better  feen. 

Plate  IX.  Fig.  1,  2,  and  3,  reprefent  frag¬ 
ments  of  hornets  nefts.  Fig.  1,  fhews  portions  of 
arches  placed  one  upon  another.  Fig.  2  and  3, 
fhew  pieces  of  thefe  arches,  the  infide  of  their 
net!  being  difpofc  d  like  thofe  of  the  fubterraneous 
wafps,we  have  thought  it  unneceflary  to  draw  them 
befides  there  are  two  figures  of  them  in  Aldro- 
y  an  du s. 

Fig.  4.  are  cells  of  thefe  wafps  reprefented  fe- 
parately,  and  almoft  of  their  natural  fize  ;  fome 
of  them  have  their  covers,  which  form  hollow 
hemifpheres. 

Fig.  5.  is  a  wafp’sneft  of  the  firft  clafs  •,  it  con- 
fifts  of  one  Angle  cake  fixed  againft  a  branch  of  a 
tree. 

Fig.  6.  is  the  fame  cake  feen  on  the  back-part. 
The  back  part  of  this  has  alfo  cells,  fome  of  which 
are  marked  by  c  c  c  c,  but  thefe  cells  are  not  com¬ 
mon 
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mon  to  thefe  fort  of  cakes  j  they  are  united  on  that 
fide  like  thofe  in  fig.  34.  plate  VII  l. 

Fig.  7.  reprefents  a  neft  of  the  firft  clafs  of  wafps, 
which  was  brought  to  the  academy  by  M.  Varig- 
non ,  it  refembles  a  double  rofe  not  yet  blown. 
They  did  not  obferve  in  what  fituation  this  neft 
was  in  the  tree  ;  but  to  judge  of  it  by  that  of  the 
others,  its  pofition  is  reverfed  in  the  drawing,  o 
is  the  aperture  of  the  neft  which  was  underneath,  or 
placed  horizontally  ;  a  a  the  covering  of  the  neft, 
compofed  of  a  great  number  of  leaves  applied 
upon  one  another, like  the  leaves  of  rofes,but  much 
larger  ;  b  b  little  branches  of  the  tree  to  which  the 
neft  was  faftened. 

Fig.  8.  is  the  fame  neft,  of  which  I  have  cut 
part  of  its  covering  to  fhew  the  infide,  o  is  the  a- 
perture  by  which  the  flies  enter,  d  e,  d  e,  d  e 
mark  the  feCtion  of  the  covering  ;  we  fee  the  dif¬ 
ferent  leaves  placed  one  upon  another,  of  which  it 
is  compofed  ;  g  G  the  two  cakes  which  fill  the  in¬ 
fide  of  the  neft,  the  worms  have  almoft  all  flopped 
their  cells,  and  are  ready  to  be  metamorphofed, 
as  it  is  eafy  to  judge  by  the  raifed  cover  which 
appears  above  the  cells. 

Fig.  9.  is  the  cake  g  reprefen  ted  feparately, 
and  is  feen  on  the  fide  oppofite  to  the  aperture  of  the 
cells,  H  is  the  line  or  foot  which  fixes  this  cake  ro 
the  cake  G. 

Aldrovandus  has  given  us  the  figure  of  a  neft 
made  in  the  fhapeof  a  bottle,  which  is,  I  believe, 
the  work  of  the  fame  fort  of  wafps  that  have 
wrought  this,  it  is  a  variety  of  architecture,  but 
the  pnnciples  of  both  the  architects  appear  to  be 
the  fame. 

Fig.  10.  reprefents  the  figure  of  one  of  thefe  /?- 
merican  nefts,  which  are  made  of  a  real  paper  like 
ours.  This  was  communicated  to  me  by  M.Vail- 
Vol.V.  N°.  55  Ccc  lanty 
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lan\  a  a  the  place  where  this  neft  was  fufpended  to 
a  little  branch  of  the  tree,  b  b  b  b  the  covering  of 
the  neft,  c  c  c  c  the  aperture  of  the  covering  which 
has  been  enlarged,  the  wafps  had  made  it  lefs  ; 
DEF  the  laft  or  lower  cake,  D  part  of  the  cake 
which  is  occupied  by  the  cells,  E  part  of  this  cake 
which  has  no  cells  and  is  poliflied  like  the  covering; 
F  the  hole  through  which  the  wafps  pafs  to  enter 
the  infide  of  the  neft. 

Fig.  1 1 .  is  the  fame  neft  of  which  I  have  taken 
away  parr  of  the  covering,  that  we  may  fee  the 
difpofition  of  the  whole  cake,  g  g  g  g  h  h  mark 
the  edges  of  the  places  where  the  covering  has  been 
cut,  and  the  covering  itfelf  at  the  fame  time,  each 
K  marks  a  cake,  they  are  alfo  each  placed  over- 
againft  the  part  where  the  hole  is  by  which  the 
wafps  communicate  with  thofe  above  or  below. 

Fig.  12.  is  a  piece  taken  from  Jig.  1 1  ;  11  mark 
one  of  the  cakes,  we  fee  how  it  unites  itfelf  to  the 
lldes  of  the  covering  ;  m  m  the  inner  furface  of 
the  covering  which  is  very  much  poliflied. 

Fig.  13.  is  one  of  the  cakes  reprefented  feparate- 
Jy,  and  feen  above ;  n  n  n  mark  the  upper  part 
which  is  poiifhed,  00a  part  of  the  covering  which 
has  been  preferred,  p  p  the  place  where  the  fun¬ 
nel  begins,  in  which  the  hole  or  door  of  commu¬ 
nication  is  perforated^  F  this  hole  or  door  of  com¬ 
munication. 

IV.  uin  experiment  in  gunnery . 

M .deReJfons  has  (hewed  the  academy  the  follow¬ 
ing  experiment ;  he  loaded  a  mufket  with  a  ball, 
rammed  in  without  any  powder, and  fattened  it  to 
a  poft,  becaufe  it  would  be  dangerous  for  a  man  to 
teft  it  againft  his  lhoulder  •,  he  afterwards  put  fome 
powder  into  a  piftol  without  a  wad,  and  having 
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fitted  the  mouth  of  the  piftol  to  the  touch -hole  of 
the  mufket,  fo  that  the  barrel  of  the  piftol  and 
mufket  made  a  right  angle,  he  let  it  off*,  the  in¬ 
flamed  powder  of  the  piftol,  which  entered  at  the 
touch-hole  of  the  mufket,  made  the  ball  go  out  of 
it  with  fo  much  violence,  that  it  was  able  to  go 
through  a  door  at  1 5  paces  diftance,  which  exceeds 
the  force  of  a  piftol.  It  appears  by  this,  and  by  a 
greater  report,  that  the  force  is  increafed,  at  leaft 
it  is  certainly  not  diminifhed,  and  it  feemed  that 
it  ought  to  be  fo,  fince  the  effort  of  the  powder, 
which  can  never  be  greater  than  when  it  follows  a 
right  line,  was  broken  by  the  right  angle  of  the 
piftol  with  the  mufket ;  and  yet  this  turning  away 
and  the  breaking  did  not  weaken  it,  the  kindled 
powder  a&ed  like  a  liquid,  as  water,  which  altho* 
it  has  been  conduced  through  pipes  difpofed  ac¬ 
cording  to  different  angles,  makes  always  a  throw 
of  the  fame  impetuofity. 

To  fucceed  well  in  this  experiment,  we  muft 
chufe  a  mufket  that  has  a  large  touch-hole,  and  a 
piftol  that  has  a  frnall  bore,  we  muft  alfo  difmount 
the  plate  of  the  mufket,  not  only  becaufe  it  will  be 
ufelefs,  but  becaufe  the  mouth  of  the  piftol  will  be 
better  applied  to  the  touch-hole  of  the  mufket. 

V.  An  extraordinary  effeSf  of  thunder , 

The  14th  of  April  1718,  in  the  night,  there 
was  in  lower  Brittany  an  extraordinary  thunder, 
which  M.  Dejlandes ,  who  was  then  at  Breft ,  has 
given  a  hiftory  of  to  the  academy.  It  was  pre- 
ceeded  by  ftorms  and  rains,  which  lafted  almoft 
without  interuption  for  feveral  days,  at  laft  came 
this  night,  between  the  14th  and  15th,  which  was 
fpent  almoft  entirely  in  very  vivid  and  frequent 
lightnings,  and  almoft  without  interruption.  Some 

Ccc  2  Tailors 
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failors  who  had  put  of  from  Landernau ,  in  a  little 
bark,  dazzled  by  the  continual  fire,  and  not  being 
able  to  govern  it,  let  it  go  at  random  upon  part  of 
the  coaft  which  by  good  fortune  was  found.  At  four 
in  the  morning  there  were  three  claps  of  thunder  fo 
horrible,  as  to  make  the  boldeft  tremble. 

About  the  fame  hour,  and  in  that  fpace  of  coaft 
which  extends  between  Landernau  and  Si.  Paul 
dc  Leon ,  the  thunder  fell  upon  24  churches,  and 
exactly  upon  thofe  churches  where  they  rung  the 
bells  to  difperfe  it,  fome  neighbouring  churches, 
where  they  did  not  ring  the  bells  were  faved.  The 
people  took  it  to  be  becaufe  it  was  Good  Friday, 
when  they  are  not  permitted  to  ring  the  bells.  M. 
Dejlandes  concludes  that  the  belL  '^hich  may  dif¬ 
perfe  a  diftant  thunder,  facilitates  the  fall  of  that 
which  is  near,  and  almofl  vertical,  becaufe  the 
vibrations  which  it  communicates  to  the  air  dif- 
pofes  the  clouds  to  difperfe. 

He  had  the  curiofity  to  go  to  Gouefnon ,  a  vil¬ 
lage  about  a  league  and  half  from  Brejl ,  the  church 
of  which  was  entirely  deftroyed  by  this  fame  thun¬ 
der,  they  had  feen  three  globes  of  fire,  each  of 
them  3  I  feet  in  diameter,  which  being  united  a- 
gain  had  taken  their  way  towards  the  church  with 
a  very  rapid  courfe,  this  great  globe  of  fire  pierced 
it  two  feet  above  the  ground,  without  breaking  the 
glafs  of  a  great  window  not  far  from  it,  killed  in 
an  inftant  two  perlons  out  of  four  who  rung  the 
bells,  and  made  the  walls  and  the  roof  of  the 
church  fpring  like  a  mine,  fo  that  the  flones  were 
fcattered  confufedly  about,  fome  thrown  to  26 
toifes,  others  plunged  above  two  feet  in  the 
ground. 

Of  the  two  men  who  rung  the  bells  at  that  in¬ 
ftant,  and  who  were  not  killed  upon  the  fpot,  there 
remained  one  whom  M,  Dejlandes  faw,  he  ftill 

looked 
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looked  wild,  and  could  not  fpeak  without  trem¬ 
bling  all  over.  They  had  digged  him  out  of  the 
ruins,  fenfelefs,  about  four  hours  after.  M.  Def- 
landes  could  get  nothing  elfe  out  of  him,  but  that 
he  faw  the  church  at  once  all  on  fire,  and  that  it 
fell  at  the  fame  time.  The  companion  of  his  for¬ 
tune  furvived  the  accident  feven  days,  without  any 
confufion,  and  without  complaining  of  any.  difor- 
der  more  than  a  violent  drought  which  he  could 
not  quench. 

VI.  Of  a?t  extraordinary  lethargy . 

A  councellor  of  the  city  of  Laufahne  gave  or¬ 
ders  to  one  of  his  fervants  to  fet  a  prefs  in  order  for 
receiving  the  grapes,  when  at  once  he  loft  both  his 
fpeech  and  fenfe.  They  thought  he  was  fallen  in¬ 
to  an  apoplectic  fit,  and  they  madeufe  of  the  com¬ 
mon  remedies  in  that  cafe.  They,  were  all  to  no 
purpofe.  The  patient  remained  in  a  deep  fieep 
for  fome  weeks,  he  opened  his  eyes  from  time  to 
time,  and  even  feemed  to  look  with  them, but  they 
could  not  be  allured  of  any  mark  that  he  really  faw 
or  that  he  had  any  fenfe,  they  made  him  fwallovv 
fome  broth  ^  all  at  once  the  fieepinefs  was  accom¬ 
panied  with  inquietude,  the  patient  agitated  hirn- 
felf  and  would  rife,  but  always  without  fenfe  ; 
there  afterwards  came  convulfions,  which  ended 
by  the  difchargeofa  pretty  great  quantity  of  mat- 
rer,  from  his  mouth  and  noftrils.  The  lethargy 
only  became  more  profound.  The  art  of  phyfick 
being  at  an  end,  an  enipyrick,whoapplied  a  great 
many  cupping  glafies  to  his  head,  had  the  honour 
of  the  cure  ;  it  was  fudden,  his  fpeech  and  fenfes 
returned  in  an  inftant,  at  the  end  of  fix  months ; 
by  chance  the  fame  fervant  who  had  received  the 
orders  about  the  prefs,  was  at  that  moment  near 
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his  matter,  whoafked  him  an  account  of  ir,  as  if 
he  had  not  had  fix  months  interval  ;  his  fenfes  re¬ 
turned  to  the  fame  point  where  they  had  ceafed, 
he  lived  10  years  after  this  accident  in  as  good 
health  as  ever,  and  is  dead  of  a  common  fever. 
The  academy  owe  this  account  to  M.  Crcuzas  a 
famous  profefTor  of  mathematicks  at  Laufanne. 

VII.  Of  a  f cower  of  (and  in  the  Atlantic 

ocean. 

The  6th  of  April ,  there  fell  in  the  Atlantic 
ocean,  at  45^  of  northern  latitude,  and  3220  45' 
of  longitude,  a  fhower  of  fund  which  laded  from 
10  at  nighr,  to  1  in  the  afternoon  the  next  day. 
It  was  preceeded  by  a  light  like  that  which  was 
ieen  at  Paris  the  30th  of  March ,  but  of  lefs  du¬ 
ration.  The  winds  were  then  at  E  S  E.  The  cap¬ 
tain  of  the  veiled ,  and  all  who  were  there,  have 
attefted  this  fa<5t  to  F.  Feuillee ,  to  whom  they 
have  given  fome  of  this  rain,  which  it  was  eafy  to 
keep.  He  has  fhewn  a  little  parcel  of  it  to  the 
academy  ;  it  is  common  fand  and  very  fine.  The 
neared  land  to  the  place  that  has  been  determined 
is  the  IJle  Royal ,  which  is  9  or  10  leagues  diftant 
from  it.  The  fiiower  of  fand  mud  therefore  have 
travelled  at  lead  fo  far  in  the  air. 

VIII.  Of  a  great  quantity  of  bones  found  in 

a  rock. 

t 

The  royal  academy  0 fBourdeaux  have  fent  to  the 
regent,  who  has  been  fo  good  to  communicate 
put  of  them  to  the  academy,  fome  bones  found 
in  a  rock,  with  a  memoir  of  which  we  fhall  here 
*>pjy  mve  an  ex; race.  In  the  parifh  of  tiaux ,  a 

country 
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country  between  two  Teas,  at  half  a  league  from 
the  port  of  Langoiran ,  a  point  of  a  rock,  eleven 
feet  high  was  detached  from  a  hill,  which  was  be¬ 
fore  thirty  feet  high,  and  by  its  fall  threw  into  the 
valley  a  great  quantity  of  bones,  or  fragments  of 
bones  of  animals,  fome  of  them  petrified.  It  is 
beyond  doubt  that  they  are  fuch,  but  it  is  very 
difficult  to  determine  to  what  animal  they  belong. 
The  greateft  number  of  them  are  teeth,  fome  per¬ 
haps  of  oxen,  or  horfes,  but  the  greatefi:  part  are 
too  large  or  too  thick  to  be  lo,  without  reckoning 
the  difference  of  the  figure.  There  are  bones  of 
thighs  or  legs,  and  alfo  a  fragment  of  the  horns  of 
a  flag  or  elk.  The  whole  was  covered  with  com¬ 
mon  earth,  and  inclofed  between  two  beds  of  rocks. 
We  mull  necelfarily  imagine  that  fome  carcafles 
of  animals  having  been  thrown  into  a  hollow  rock 
and  their  fiefh  having  rotted,  there  was  formed 
upon  this  mafs  a  rock  of  1 1  fe$t  high,  which  has 
required  a  long  feries  of  ages. 

If  there  had  been  only  the  bones  cf  fea  animals 
in  this  heap,  we  have  other  well  atteflecl  inunda¬ 
tions  which  would  eafily  explain  this  faff.  If  there 
were  only  bones  of  terreffial  animals,  this  place 
might  perhaps  have  been  fome  layftail.If  there  were 
a  mixture  of  fea  and  tereflial  bones,  the  explanation 
would  be  more  difficult. 

The  gentlemen  of  the  academy  df  Bourdeaux* 
who  have  examined  this  matter  like  fkiiful  philo- 
fophers,  would  prove  upon  thefe  bones,  whatM. 
de  Reaumur  has  laid  upon  the  origin  of  the  tvs- 
quoifes *.  They  have  found  in  effect  that  a  great 
number  of  fragments  put  to  a  very  briik  fire,  be¬ 
came  of  a  very  fine  turquoife  blue,  that  fome  little 
parts  have  taken  the  confidence  of  them,  and  that 
being  cut  by  a  lapidary,  they  have  taken  the  po- 

*  Page  91  of  this  volume 
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lifh.  They  have  carried  their  curiofity  farther, 
they  have  tried  the  experiment  upon  frefh  bones, 
which  have  only  turned  black,  except  perhaps 
Come  little  bits  which  approached  a  little  to  blue. 
From  hence  they  conclude,  with  a  good  deal  of 
probability,  that  bones  to  become  turquoifes  have 
need  to  tarry  long  in  the  earth,  and  that  the  fame 
matter  which  makes  the  black  in  the  frefh  bones, 
makes  the  blue  in  thofe  which  have  been  buried  a 
good  while,  becaufe  they  there  (lowly  and  by  de¬ 
grees  acquire  a  certain  maturity.  It  mud  not  be 
forgot  that  the  bones  which  vifibly  belong  to  dif¬ 
ferent  animals  have  equally  fucceeded  in  becoming 
turquoifes . 

ix.  0/  a  toad found  alive  in  the  trunk  of  an 

elm . 

In  the  trunk  of  an  elm  of  the  fize  of  a  man,  3 
or  4  feet  above  the  root,  and  exadtly  in  the  middle 
there  was  found  a  toad,  alive,  of  a  middling  fize, 
Jean,  and  pofTeffing  only  its  own  little  place.  As 
foon  as  the  wood  was  cleft,  it  came  out,  and  e- 
fcaped  very  faff.  There  never  was  a  founder  elm, 
nor  compofed  of  more  clofe  and  connected  parts  ; 
and  the  toad  had  not  been  able  to  enter  into  it  by 
any  part.  The  egg  that  had  formed  it  muft  have 
got  into  the  tree  when  it  was  young  by  fome 
very>  particular  accident.  The  animal  had  lived 
there  without  air,  which  is  alfo  very  furprifing, 
and  was  nourifhed  by  the  fubftance  of  the  wood, 
and  had  not  grown  but  in  proportion  as  the  tree 
grew.  The  la£t  is  attefled  by  M .Hubert,  profef- 
lbr  of  philofophy  at  Caen>  who  writ  it  to  M.  Va¬ 
riation. 


X. 
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X.  Of  a  fort  of  fife  fuppofed  to  be  the  Galen  s 

pifcis  of  Rondeletius. 

M.  Geoffroy ,  the  younger  brother,  (hewed  two 
fifties,  which  had  been  Cent  him  from  Dieppe ,  the 
one  male  and  the  other  female.  There  came  out 
of  the  female  through  a  broken  membrane  66 
young  ones  alive.  This  fifh  was  pretty  much  of 
the  figure  of  an  eel-pout,  though  we  only  know 
of  frefh-water  eel-pouts.  M.  de  Juffieu  thought 
that  it  might  be  the  galeus  pifcis  of  Rondeletius , 
or  the  blue  ft hark. 

•  ’  v  . 

XI.  Of  an  extraordinary  animal  brought  from 

Barbary. 

The  captain  of  the  Amazon  returned  from  Sene* 
gal ,  fhewed  M.  Dejlandes  an  animal  taken  by 
feme  hunters  in  Portendic  or  Portandi  in  Barb  ary , 
and  which  even  the  inhabitants  ot  the  country 
did  not  know.  M.  Dejlandes  called  it  cani-apro* 
lupo-vulpes ,  becaufeof  the  relemblance  it  has  to  the 
different  animals  the  names  of  which  compofe  this 
odd  name.  It  is  almoft  two  feet  high,  and  about 
two  and  a  half  long, its  hair  is  red  mixedwith  black 
and  yellow  fpots,  pretty  much  like  the  briftles  or 
the  boar,  thefe  bridles  are  about  3  inches  long  all 
over  the  body,  and  near  5  upon  the  back,  it  eredts 
them  when  it  is  angry,  and  then  it  reiembles  a 
porcupine ;  its  head  is  fomething  like  that  of  a  wolf 
but  it  is  much  larger  at  the  top  and  ciecreafes  infer- 
(iblv,  its  eyes  are  black  and  have  a  fur- 
prifing  lively nefs,  its  ears  are  very  long  and  always 
ftrait,  his  fore-legs  are  a  little  crooked,  much 
thicker  and  higher  than  the  hinder  ones,  and  of 
the  fame  colour  with  the  legs  or  a  tyger,  there  are 
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four  toes  well  feparated  to  each  paw  with  very 
fliort  nails  a  little  hooked,  its  tail  is  long  and  thick 
and  is  like  that  oi  a  fox,  -it  runs  faff,  efpecially 
upon  unequal  ground,  for  upon  an  even  ground  it 
is  apt  to  Hide,  as  well  becaufe  it  has  no  talus,  as 
that  its  hinder  legs  are  very  weak  in  comparifon  to 
its  fore  ones,  it  climbs  eafily,  when  it  is  warm  it 
difffufes  a  very  ftrong  fmell  of  mufk,  though  it  is 
unquiet,  and  that  the  lead  noife  alarms  it,  yet  it  is 
pretty  gentle,  and  lets  one  approach  and  carefs  it 
without  any  uneafinefs,  it  feldom  cries  and  its  cry 
is  very  fhrill,  it  eats  nothing  but  flunking  meat ; 
we  might  fufpedt  that  this  animal  is  a  monfter, 
that  is,  born  of  a  male  and  female  of  different  fpe- 
cies,  we  readily  allow  thefe  forts  of  monfters  to 
Africa ,  becaufe  of  the  accidental  meetings  of  a 
great  number  of  different  fpecies  of  animals,  upon 
the  banks  of  the  rivers,  which  are  but  few,  and 
in  a  very  hot  climate,  which  excites  them  to  mix 
indifferently,  but  we  muff  not  abufe  this  idea,  by 
making  a  monfter  of  every  thing  that  we  do  not 
know. 


XII.  Of  the  wild  boars  of  Africa. 

M.  Deflandes  has  been  informed  by  the  officers 
of  the  fame  veflel  that  the  wild  boars  of  Africa  are 
very  different  from  ours,  they  have  no  briftles  all 
over  their  body,  their  fkin  is  fmooth  and  even, 
but  extremely  hard,  they  have  like  the  lions  a  ve- 
ry  longard  thick  mane,  which  waves  upon  their 
mck,  and  hangs  down  to  their  feet,  their  tufks  are 
faftened  to  the  upper  jaw,  contrary  to  our  boars, 
and  they  terminate  in  a  very  fharp  point.  M.  Def¬ 
iances  has  leen  thofe  of  a  young  boar,  killed  by  the 
hunters,  they  are  round,  exactly  turned  fpirally,  of 
as  ffiininga  white  as  ivory, and  above  a  foot  and  half 
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XIII.  On  the  velocities  of  bodies . 

Taking  the  common  idea  of  gravity,  and  the 
fyflem  of  Galileo ,  if  we  fuppofe  that  two  bodies 
of  equal  mafs  which  fall  freely  in  a  fpace  without 
refiftance,  or  in  vacuo ,  have  at  a  certain  height, 
for  example  at  10  toifes  from  the  furface  of  the 
earth,  an  equal  velocity,  we  fee  no  difficulty  in 
concluding  that  in  all  the  other  correfponding 
points  of  their  fall,  that  is,  in  all  the  equal  heights 
where  they  have  been  their  velocities  were  equal, 
and  that  they  will  be  fo  at  all  the  equal  heights 
where  they  fhall  be  *,  this  is  certainly  true,  for  in 
the  prefent  fuppofitions  the  velocities  having  been 
equal  at  a  certain  height,  where  the  principles  of 
inequality  of  the  velocities  at  other  heights  fhould 
be  every  thing  elfe  is  equal, their  mafles,  the  forces 
that  make  them  fall,  the  initial  velocities  which 
they  have  received  from  thefe  forces  in  the  firft  in- 
ftant  of  their  fall,  fince  they  fell  freely,  or  by  the 
a&ion  alone  of  gravity  which  is  the  fame  for  both; 
in  fhort  there  is  no  medium  that  refills  them,  or 
can  alter  their  motion.  The  acceleration  of  the 
fall  is  therefore  made  in  the  fame  manner  for  both 
and  as  this  acceleration  follows  a  proportion, known 
from  the  height  of  the  falls,  it  is  impoffibie  that 
if  at  a  certain  height  it  has  produced  the  fame  ve¬ 
locities  in  both  the  bodies,  it  has  not,  or  does  not 
alfo  produce  the  fime  velocity  at  all  the  equal 
heights.  In  a  word  all  that  conduces  to  the  velo¬ 
city  being  equal  on  both  fides,  one  fmgle  point  of 
•equality  of  velocity  in  the  two  falls  carries  the  e- 
quality  throughout. 

We  generally  imagine  the  adtion  of  gravity  as 
conflanr,  or  the  fame  at  all  the  different  diftances 
from  the  centre  of  the  earth,  but  if  it  is  not  fo,  and 
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fhould  be,  for  example,  always  greater  according 
to  any  proportion  whatfoever,  as  the  diftance 
from  the  centre  of  the  earth  fliall  be  lefs,  there  is 
nothing  changed  in  the  propofition  juft  eftablifhed 
ffnee  this  variation  of  the  action  of  gravity  will  be 
the  fame  for  both  the  bodies. 

If  their  mafic s  are  not  equal,  the  propofition  i$ 
no  longer  of  force,  unlefs  the  gravity  fuppofed  va¬ 
riable  according  to  the  different  diftances  from  the 
centre  of  the  earth,  be  not  always  proportionable 
to  the  maffes,  for  then  this  will  be  a  greater  force 
which  fliall  move  a  greater  mafs  more  difficult  to 
move,  and  this  will  be  the  fame  thing  as  if  the  maf¬ 
fes  and  gravities  were  equal. 

Gravity  being  a  force  which  mikes  bodies  tend 
to  the  centre  of  the  earth,  all  other  force  which 
fhall  make  them  tend  to  any  other  points,  will  be 
in  the  fame  cafe,  and  we  muff;  reafon  upo*.  a  m 
the  fame  manner. 

It  is  not  even  neceffary  that  the  two  bodies  which 
tend  toward  the  fame  point  fhould  be  impelled  by 
the  lame  force,  they  may  be  by  two  different  for¬ 
ces,  that  is,  the  actions  of  which  vary  differently 
according  to  the  diftances  of  this  point,  but  they 
muff  at  the  fame  diftance  have  a  conftant  propor¬ 
tion  to  each  other,  and  then  the  propofition  ftill 
fubfifts. 

t  In  fliort  it  is  not  neceffary  that  thefe  forces 
fhould  be  the  only  ones  which  a£t  upon  the  two 
bodies,  ether  forces  may  join  them  without  dis¬ 
turbing  them  at  all.  For  example  if  the  two 
bodies  do  not  only  fall  by  the  aclion  of  gravity, 
but  have  been  alfo  both  thrown  from  above  down-, 
wards  by  a  hand,  and  that  at  fame  equal  height, 
they  have  the  lame  velocity,  they  have  always  the 
fame  velocities  at  the  fame  heights. 

More-. 
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Moreover,  if  being  arrived  at  the  end  of  their 
fall,  they  rife  again  by  any  caufe  whatfoever,  and 
at  fome  equal  height  of  this  afcenfion  they  have 
the  fame  velocity,  the  propofition  is  (till  the 
fame. 

Although  it  appears  plain  enough,  and  perhaps 
fufficiently  proved  from  the  little  that  we  have  faid 
yet  geometrical  ftridtnefs  would  not  be  entirely 
content,  and  Meff.  Newton ,  Jean  Bernoulli ,  and 
Heoman ,  have  given  exa£t  demonftrations  of  it, 
but  only  in  the  mod  fimple  cafe  *,  M.  Varignon 
has  elevated  it  to  the  greateft  univerfality  poflible, 
and  has  made  it  contain  all  that  we  have  feen  that 
could  enter  into  it.  For  this  reafon  he  has  taken 
one  of  the  forms  contained  in  the  general  theory  of 
motions,  either  uniform  or  varied  at  diferetion, 
and  this  form  is  fo  happily  applied  to  his  fubjed: 
that  by  it  he  can  compare  the  velocities  of  two 
bodies,  taken  at  whatfoever  unequal  diftances 
from  the  centre  to  which  they  tend,  however  dif¬ 
ferent  their  initial  velocities  have  been.  We  cafily 
conceive  that  to  find  in  a  general  manner  that 
which  refults  from  the  equality  of  velocity  of  two 
bodies  at  the  fame  height,  we  muft  be  able 
to  compare  their  velocities  at  all  the-  different 
heights. 

M.  Varignon  fuppofes,  that  of  two  bodies 
if  one  falls  by  a  right  line,  and  the  other  by 
any  curve  whatfoever,  that  the  two  forces  which 
impel  them  toward  a  common  centre  are  va¬ 
riable,  that  they  are  different,  or  differently 
variable,  that  the  common  centre  is  only  at  a 
finite  diftance,  all  this  as  is  eafy  to  fee,  with 
a  defign  of  taking  in  at  once  all  the  particular 
cafes  polfible.  We  need  only  make  the  deter¬ 
minations  as  we  pleafe.  For  example,  if  the 

two 
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two  lines  defcribed  by  the  two  bodies  are  flraight, 
one  vertical,  and  the  other  inclined  to  the  horizon, 
if  the  two  forces  are  the  fame,  if  this  only  is  con- 
ftant,  laflly,  if  the  common  centre  is  infinitely  dilu¬ 
tant,  which  renders  the  diredtions  of  the  force  pa¬ 
rallel  between  themfelves,  we  find  our  felves  again 
in  Galileo's  fyftem  of  gravity. 
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Philosophical  Memoirs  of  the  Royal 
Academy  of  Sciences  at  Paris y  for 
the  Year  1719. 

I.  Meteorological  obfervations  made  at  the 
royal  obfervatory ,  during  the  courfe  of  the 
year  17185  by  M.  de  la  Hire  the  elder 
brother  *m 

THE  defire  of  making  fome  difcoveries  up¬ 
on  the  origin  of  fountains,  engaged  my 
father  in  1688  to  make  fome  experiments  with 
relation  to  this  fubjedt.  It  alfo  made  him  in  1689 
begin  to  examine  the  height  of  water  which  fell 
in  rain  each  year  at  the  royal  obfervatory.  In 
1696  he  added  to  the  obfervations  of  the  rain 
thofe  of  the  barometer,  thermometer,  and  of  the 
winds,  and  has  continued  them  to  1718.  As  I 
think  thefe  obfervations  have  been  very  well  re¬ 
ceived  by  the  publick,  and  as  they  may  be  of 
fome  ufe  in  phyficks,  I  have  taken  care  that  the 
fucceflion  of  them  may  not  be  interrupted,  as 
will  be  feen  by  the  obfervations  that  I  am  going 
to  relate. 

Although  the  preceding  year  has  feemed  very 
dry  and  hot,  it  will  however  appear  more  fo  than 
we  fhould  have  believed,  by  the  obfervations 
that  we  have  made.  The  great  drought  has  not 
prevented  its  having  been  very  fruitful ;  and  this 
is  not  from  there  having  fallen  a  good  deal  of 
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fnow ;  For  being  reduced  into  water,  it  gave  but 
;t  lines  ;  but  it  is  that  the  rain  fell  in  the  exa£t 
time  when  the  ground  required  it,  as  well  for 
what  it  did  produce,  as  for  what  it  was  to  pro¬ 
duce;  fo  that  we  might  fay,  that  during  this 
whole  year,  there  has  not  been  any  unnecefTary 
rain  ;  and  this  is  all  that  we  can  defire,  to  have  a 
good  harveft  in  every  thing. 

Let  us  firfh  examine  the  quantity  of  rain  which 
fell  during  the  coqrfe  of  the  year,  of  which  we 
fhail  only  give  the  refult  of  each  month. 


\  »  % 

Lin. 

* 

Lin. 

Jan. 

12  l 

'  July  . 

12  i 

Feb. 

8  i 

Aug. 

l9  a 

March  • 

!3  8 

Sept. 

9  5 

.  April 

22 

Odl. 

j  JL 

•  4- 

May 

7 

Novem. 

4  r 

June 

2  5 

Dec. 

4- 

•  -  »  *  • 

The  fum  of  the  height  of  water  is  157  lines 
Or  13  inches  1  line  which  is  much  Ids  than  18 
inches  8  lines,  which  30  years  obfervation  have 
determined  to  be  the  mean  year. 

The  preceding  year  has  been  fo  dry,  that  thefe 
30  years  there  has  only  been  the  year  1694,  that 
was  drier  than  this  ;  and  the  difference  was  but  4 
lines  4. 

By  confidering  the  refult  of  each  month,  we 
fee  that  it  has  rained  almofl  one  half  more  in 
the  fpring  and  fummer,  than  in  the  winter  and 
airumn,  for  there  fell  in  the  fpring  and  fum¬ 
mer  7  inches  1 1  lines  of  water,  and  in  the  autumn 
and  winter  5  inches  2  lines. 

The  winds  were  generally  pretty  variable. 


Upon 
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Upon  the  thermometer. 

The  thermometer,  which  is  always  the  fame, 
and  has  not  changed  its  place,  fell  at  the  loweft 
to  21  \  parts  the  10th  of  Feb.  which  is  not  a  fign 
of  very  great  cold. 

The  heat  has  not  followed  the  cold  with  rela¬ 
tion  to  the  mean  (late,  it  has  been  much  greater ; 
For  the  thermometer  rofe  at  the  highefb  about  fun 
rifing  to  70  parts  the  22 d  of  Auguft ,  and  during 
the  fame  day  about  3  in  the  afternoon  to  82  parts, 
and  not  only  on  this  day,  but  alfo  on  the  nth, 
the  2 1  ft  and  the  23d  of  the  fame  month;  fo  that 
if  we  take  away  48,  which  is  the  mean  ftate, 
from  82,  there  will  remain  34  for  the  difference 
of  the  mean  ftate  from  the  greateft  heat ;  and  if 
we  take  away  34  from  48,  there  will  remain  14 
for  the  point,  where  the  thermometer  ought  to 
have  fallen,  if  the  cold  had  been  equal  to  the  heat 
in  proportion  to  the  mean  ftate,  whereas  it  only 
fell  to  2 1  |  parts. 

We  may  look  upon  the  heat  in  1718  as  the 
greateft  that  we  have  had  at  Paris  ;  not  but  that 
this  fame  thermometer  has  alfo  rifen  to  82  parts 
in  1706,  1707,  and  1709,  but  it  rofe  to  this 
point  only  once  in  each  ol  thefe  years,  and  in  1718 
it  rofe  to  it  four  different  days,  three  of  which 
followed  one  another  *,  and  it  was  this  continued 
heat,  although  the  fam#*  which  made  us  feel  it 
fo  great. 

It  would  feem  by  thefe  experiments  that  the 
air  jfhould  be  like  water  *,  that  is,  that  it  could 
only  be  fufceptible  of  a  certain  degree  of  heat, 
for  we  know  that  water  which  has  boiled  a  cer¬ 
tain  time  does  not  increafe  its  heat,  although  we 
continue  to  make  it  boil.  We  (hall  endeavour  to 
difcover  whether  the  air  has  this  property,  by 
Vol.  V.  N°.  55.  Eee  making 
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making  feveral  experiments  which  we  have 
thought. on,  and  we  (hall  add  them  to  feveral 
others  which  we  have  already  made  upon  a  mat¬ 
ter  that  has  a  good  deal  of  relation  with  this,  iri 
order  to  give  them  all  together  to  the  academy  in 
another  memoir. ,  . 

If  we  have  not  yet  tried  the  effeeft  of  a  conti¬ 
nued  heat,  at  leaft  we  have  throughly  felt  that  of 
a  continued  cold-,  for  that  in  1709  was  a  little 
lefs  than  that  of  1716;  yet  the  firft  has  pafTed 
for  the  greateft  that  has  ever  been,  becaufe  it  re¬ 
turned  feveral  days  to  the  farfte  point  *,  and  in 
1716  it  was  at  the  lowed  only  during  the  night 
between  the  21ft  and  22d  o\  January.  Thefe 
great  heats  and  colds  have  given  us  occafioil 
to  examine  what  are  the  greateft  mean  colds, 
and  the  greateft  mean  heats,  and  we  have  found 
for  the  greateft  mean  cold,  among  thofe  of  23 
years  of  exaeft  obfervations  which  we  have  made, 
that  the  thermometer  which  we  ufe  muft  defeend 
to  19  parts  f,  and  that  it  muft  rife  to  75  parts  | 
in  the  greateft  mean  heats.  If  we  take  the  diffe¬ 
rence  between  the  greateft  mean  cold,  and  the 
greateft  mean  heat,  we  fhall  have  55  parts  d",  the 
haft  of  which  being  added  to  the  greateft  mean 
cold,  we  fhall  have  47  parts  7,  which  we  may 
look  upon  as  the  mean  ftate  ;  but  this  point  is  but 
one  half  of  48  parts  diftant,  which  is  the  point 
where  this  thermometer  remains  in  the  caves  of 
the  obfervatory,  therefore  we  have  reafon  to  look 
Upon  the  air  of  thefe  caves  as  the  mean  ftate. 

*  Upon  the  barometer . 

It  is  the  fame  barometer  which  has  always  been 
Hied  fince  we  have  made  the  obfervations  of  it, 
and  which  is  always  placed  at  the  fame  height 
with  regard  to  the  level  of  the  river ;  it  fell  the 

loweft 
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lowed  to  27  inches,  o  lines,  0  points,  the  1  ith  of 
January ,  -with  a  fouth  wind,  and  rofe  the  higheft 
to  28  inches,  4  lines,  2  points,  the  15th  of  Fe¬ 
bruary,  with  calm  weather,  and  afterward  with 
a  gentle  north-eafl  wind. 

Thefe  two  observations  of  the  greated  finking, 
and  of  the  greatefl  elevation  of  the  quickfilver  in 
the  barometer,  agree  perfe&ly  with  what  we  haye 
thought  for  fome  time,  that  the  winds  from  the 
north  raife  the  atmofphere,  and  thofe  from  the 
fouth  lower  it. 

To  fupport  this  opinion  we  may  alfo  relate, 
that  we  have  made  very  exadt  obfervations  upon 
the  barometer  thefe  23  years,  and  that  in  this  num¬ 
ber  of  years  there  are  17  where  the  wind  was  to¬ 
ward  the  north  when  the  barometer  was  the 
highefl ;  and  of  the  other  6  there  was  fometknes 
no  wind  near'  the  earth  ;  not  but  that  there  might 
be  fome  in  the  air,  where  the  wind  had  changed 
all  at  once,  and  had  not  yet  made  itfelf  fenfible 
to  the  barometer,  or  there  was  only  a  wind  near 
the  earth,  of  but  fmall  extent,  and  not  capable 
of  changing  the  atmofphere.  It  is  almoft  the  fame 
thing  for  the  greatefl  finldngs ;  for  of  thefe  23 
years  there  were  15  where  the  wind  was  toward 
the  fouth,  when  the  barometer  was  at  the  lowefl, 
and  in  the  others  it  might  happen  that  the  wind 
was  in  the  fame  circumftances  as  thofe  that  we 
have  related  in  the  greatefl  elevations. 

We  have  only  given  attention  to  the  greatefl 
alterations  of  the  barometer,  becaufe  we  were 
perluaded  that  it  would  be  in  thefe  points  that  the 
caufe  of  it  would  be  mofl  marked,  and  confe- 
quently  more  eafy  to  find  out. 

The  above  remark  appears  to  have  fo  much 
relation  to  the  others  that  follow,  that  they  feem 
to  us  to  proceed  from  the  fame  caufe \  and  thus 

E  e  e  2  we 
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we  muft  (peak  of  them  all  before  we  inquire  after 
the  reafon  of  them. 

During  the  23  years  exaCt  obfervations,  there 
were  21  when  the  barometer  was  at  the  higheft, 
with  a  wind  that  was  but  moderate  at  the  higheft, 
and  which  was  toward  the  north. 

It  is  not  only  in  thefe  points  of  the  greateft 
elevation,  that  there  is  hardly  any  wind,  and  that 
towards  the  north,  but  there  have  not  been  any 
years  when  it  did  not  happen  two  or  three  times 
that  the  quickfilver  has  been  above  28  inches  for 
8  or  10  days  together  with  a  feeble  north  wind. 

As  to  the  greateft  finkings  which  have  hap¬ 
pened  in  23  years,  there  have  been  13  when  the 
wind  was  leaft  ftrong,  and  toward  the  fouth. 

Continuing  to  examine  the  obfervations  upon 
the  barometer,  we  have  alfo  remarked  that  the 
greateft  changes  in  the  barometer  only  happen  in 
the  two  firft  aud  laft  months  in  the  year,  and 
chiefly  in  the  firft  and  laft  ;  fince  of  the  23  years 
there  were  20  when  the  barometer  was  at  the 
higheft  in  the  two  firft  and  laft  months  of  the 
year,  and  17  when  it  was  at  the  loweft  during 
thefe  fame  months  *,  and  in  thefe  two  numbers  of 
years,  of  20  and  17,  there  were  12  in  the  firft, 
and  1 1  in  the  laft  when  it  was  at  the  higheft,  and 
at  the  loweft  in  the  months  of  January  and  De¬ 
cember. 

It  does  not  however  appear  that  there  can  hap¬ 
pen  any  great  changes  in  the  atmofphere  during 
the  beginning  and  the  end  of  the  year  ;  all  that 
we  obierve  at  that  time,  is  feeling  a  preparation 
to  cold,  the  cold  itfelf,  and  a  ceflation  of  cold  ; 
we  might  therefore  fay  that  the  air,  becoming 
more  or  lefs  cold,  or  more  or  Jefs  condenfed,  pro¬ 
duces  in  the  barometer  its  greateft  changes.  To 
lupport  this  conjecture,  we  may  probably  fuppofe 

that 
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that  in  the  north  the  cold  is  not  continued  during 
a  whole  winter,  when  once  it  has  begun,  and 
that  it  is  there,  as  in  this  country,  lometimes 
greater  and  fometimes  lefs ;  but  by  degrees  as  the 
cold  diminifhes  the  air  dilates  itfelf  confiderably, 
becaufe  it  is  ftrongly  condenfed  by  the  cold  ;  but 
this  dilated  air  making  an  effort  on  all  fides,  and 
finding  that  of  the  l'outh  the  weakeft  of  all,  it 
makes  its  whole  effedt  on  that  fide,  and  makes  us 
feel  a  north  wind,  which  cannot  be  violent  nor 
laft  long,  becaufe  the  heat  or  the  dilated  air 
which  produces  it,  has  not  been  either  confiderable 
or  Jong,  becaufe  of  the  country  and  of  the  feafon ; 
and  as  this  wind  is  much  cooler  than  the  air  here, 
it  will  condenfe  it,  and  fill  the  place  which  it  has 
made  it  abandon  in  proportion  as  it  arrives 
there  ;  and  the  condenfation  will  be  fo  much  the 
more  confiderable  as  the  wind  that  comes  from 
the  north  fhall  be  colder  with  regard  to  our  air. 
There  will  be  therefore  in  the  fame  fpace  many 
more  particles  of  air  than  there  were  before,  which 
will  prefs  upon  the  quickfilver,  and  raife  it  very 
high  in  the  tube  of  the  barometer.  It  is  plain 
therefore  that  we  fhall  not  be  able  to  rind  any  but 
the  cold  northern  winds,  though  very  feeble,  that 
can  produce  this  effedf  in  the  barometer. 

By  this  explication  of  the  greateft  heights  of  the 
barometer  during  the  cold,  we  fhall  give  a  very 
good  reafon  for  the  great  fogs  that  almoft  always 
accompany  them  *,  that  the  cold  renders  the  aque¬ 
ous  parts,  which  fwim  in  the  air,  vifible  i  and 
this  air  becoming  more  heavy,  fuftains  them 
without  their  being  able  to  make  any  effedt  upon 
the  barometer,  contrary  to  the  opinion  of  lome 
perfons,  who  attribute  to  them  the  caufe  of  the 
greateft  heights,  fince  at  moll  they  can  only  hold 
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the  place  of  a  ftke  bulk  'of  liquid  in  which  they 
fwim,  according  to  the  jule  of  floating  bodies. 

On  the  contrary,  the  Couth  wir^ls  at  the  end  of 
auumn  and  the  beginning  pf  the  \vinter,  coming 
from  a  hot  country,  wher^'the  air  is  dilated,  ana 
arriving  here  in  this,  where  it  is  niudi  ;colder  or 
more  condenfed,  they  dilate  it  and  irpprefs  on  it 
a  motion  to  go  toward,  the  north*,  but  as  it  Ends 
a  good  deal  of  difficulty  in  it,  becaufe  the  air 
there  is  ftrongly  condenfed,  it  muft  have  a  great 
force  to  overcome  this  obftacle :  for  this  reafon  it 
is  neceffary  that  the  Couth  wind  fhould  he  violent ; 
but  this  wind  cannot  be  violent,  if  it  does  not  carry 
away  with  it  a  good  deal,  not  oply  of  the  air 
which  it  had  dilated,  and  which  could  not  remain 
there  any  longer,  but  alfo  of  that  which  cannot 
refill  the  violence  of  the  motion,  fo  that  there  are 
much  fewer  particles  of  air  in  the  fame  fpace  than 
there  were  before,  and  confequently  the  quick- 
filver  mull  fink  confiderably. 

Although,  as  we  have  juft  feen,  we  cannot  do 
without  the  elevations  and  depreflions  of  the  at- 
mofphere,  to  affign  the  reafop  of  the  great  heights 
of  the  quickfilver  yvith  a  weak  north  wind,  and 
of  its  great  fallings  with  a  violent  fouth  wind  at  the 
beginning  and  end  of  each  year,  yet  we  dare  not 
advance  as  a  certain  fad,  that  the  atmofphere  ne¬ 
ver  contributes,  by  changing  its  height  to  any 
of  thefe  effcdls  that  we  have  related  *,  not  but  that 
we  are  fully  perfuaded  that  whatfoever  wind  there 
may  be  near  the  earth,  it  can  never  alter  the  fi¬ 
gure  that  the  motion  of  the  earth  upon  its  axis  in 
24  hours  has  given  to  the  furface  of  the  atmo- 
iphere. 

We  fh ail  take  care  hereafter  to  attend  to  the 
remarks  that  we  fhall  give,  if  they  agree  with  the 

obfervations  that  we  make. 

Of 
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Of  the  declination  of  the  needle . 

f  I  r  •  -  .  r  *  ♦  .  .  .  ,, 

We  have  obferved  the  declination  of  the  nee¬ 
dle  the  30th  and  3 1  ft  of  December  1718,  in  pretty1 
calm  weather,  the  3‘ift  with  a  needle  of  13  inches 
and  an  iialf  in  the  ftone  compafs,  and  we  found 
it  1 1  degrees  30  minutes  to  the  north- weft,  as  we 
took  notice  that  the  obfervations  of  the  30th  and 
31ft  of  December ,  gave  too  great  a  difference 
from  1717  to  1718,  we  were  determined  to 
make  another  the  7th  of  January  1719,  in  pretty 
calm  weather,  by  animating  the  needle  before* 
hand,  for  fear  that  any  accident  had  happened  to 
it,  but  it  always  gave  the  fame  declination. 

We  have  alfo  obferved  the  declination  of  the 
needle  at  the  fame  place  the  7th  0 {January  1719, 
with  a  needle  of  8  inches,  and  found  it  to  be  12 
degrees  20  minutes,  although  it  was  animated  at 
the  fame  time  with  that  of  13  inches  and  an  half, 
and  with  the  fame  ftone. 

.  <  .  .  *  j  ,  i  •  *  f 

\ 

II.  Reflexions  upon  fever al  obfervations  con- 
cerning  the  nature  qJ  the  gypfum,  by  M. 
de  Juffieu  *  5  tranflated  by  Mr .  Cham¬ 
bers. 

•  »  . , 

*■  *  -***•»* 

.  Gypfum  in  the  general  is  a  foft  friable  ftone, 
void  of  tafte  and  fimell,  and  eafy  to  be  calcined 
by  the  fmalleft  fire.  The  calx  or  lime  arifing 
from  this  calcination  is  called  plafter  or  parget, 
and  popularly  plafter  of  Paris. 

Being  mixed  with  water,  and  thus  kneaded  into 
a  pafte,  they  fafhion  it,  while  foft,  into  what 
figure  they  pleafe,  which  hardening  in  a  fhort 
time  after,  arrives  at  the  confidence  of  a  ftone. 

'«  O  )  *  J  A  .. 

*  March  24,  1719. 
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The  fragments  of  this  (tone  are  incapable  by 
any  calcination  to  be  reduced  a  fecond  time  into 
calx,  or  to  be  ufed  again  in  the  compofuion  of  a 
pafte  like  the  former. 

There  are  three  fpecies  of  gypfum.  The  firfl 
found  in  blocks  and  large  maflfes  like  common 
(tones  dug  out  of  quarries,  and  only  differing 
therefrom  by  its  greater  foftnefs  and  eafinefs  of 
being  calcined,  it  is  called  accordingly  plafter- 
ftone,  or  parget-ftone *,  and  of  this  does  the  whole 
mountain  of  Montmartre  confift. 

The  fecond  fpecies  of  gypfum  is  difpofed  on 
leaves  or  lamina,  like  talc  or  the  lapis  felenitesy 
being  tranfparent  too  like  them,  and  only  differ¬ 
ing  from  them  in  this,  that  thofe  others  are  not 
calcinable  by  the  fire.  Its  tranfparency  has  alfo 
given  it  the  nameo k  lapis  fpecularis ,  and  in  French 
pierre  a  miroir  *,  q.  d.  looking-glafs  (tone.  This 
kind  we  find  of  two  different  figures  in  the  neigh¬ 
bourhood  of  Paris ,  both  of  them  defcribed  by 
M.  de  la  Hire  ;  and  in  other  countries  there  are 
other  figures. 

The  third  kind  of  gypfum  has  its  parts  ranged 
needlewife,  almoft  like  antimony,  or  in  filvered 
ftria  or  fibres  like  thole  of  plume  allum,  which 
would  occafion  them  to  be  frequently  confounded 
if  their  difference  was  not  fufficiently  noted  by  the 
acidity  and  ftipticity  peculiar  to  this  lafl,  and  its 
facility  of  diffolving  in  water. 

The  nature  of  gypfum  has  hitherto  been  but 
little  examined,  whether  on  account  of  its  being 
too  common,  and  therefore  negledted,  or  by  rea- 
fon  it  has  been  fuppofed  equally  impenetrable 
with  that  of  lime  itlelf.  However,  as  the  attend¬ 
ing  even  to  trite  pkcenomena  frequently  leads  us  to 
the  diicovery  of  the  mod  obfcure  caufes,  1  flatter 
my  fell  with  having  attained  a  more  compleat 

knowledge 
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knowledge  of  this  mineral  than  has  hitherto  been 
had,  from  fome  reflections  which  I  have  made  on 
the  caufes  of  certain  cryftailizations  in  the  copper 
mines  near  St.  Bel  in  the  Lionnoife ,  and  the  ca¬ 
verns  of  the  mountain  Almafaron  in  the  kingdom 
of  Murcia.  My  obfervations  whereon,  made  by 
the  naked  eye,  having  been  flnce  confirmed  by 
an  exaCt  examination  with  the  microfcope,  have 
convinced  me, 

1  ft.  That  as  there  are  faline,  vitrious,  fulphu- 
rous,  and  metallic  fubftances  mixed  with  certain 
bodies,  there  are  alfo  gypfous  ones  intermixed  in 
the  like  manner. 

2dly,  That  thefe  gypfous  particles  which  enter 
the  compofition  of  diverfe  mixts,  have  a  determi¬ 
nate  figure  peculiar  to  them,  which  they  ftill  re¬ 
tain,  whatever  alteration  thofe  mixts  happen  to 
undergo  either  by  calcination,  trituration,  or  the 
admixture  of  other  bodies  employed  to  deftroy 
them. 

^dly,  That  this  figure  is  fo  conftant  in  fuch 
gypfous  parts,  that  when  they  abound  in  any  fub- 
je&,  the  other  parts  mixed  along  with  them, 
whether  they  be  faline  or  metalline,  fuit  their  dif- 
pofition  to  the  figure  of  thofe  gypfous  parts. 

4thly,  That  thofe  gypfous  parts,  which  one 
would  not  have  fufpected  in  the  compofition  of  a 
mixt,  or  one  would  have  thought  deftroyed  there¬ 
in,  after  they  had  been  difcovered,  will  frequently 
become  fen  Able  again,  re-appear  under  their  ulual 
forms,  and  refume  their  firft  qualities,  either  by 
a  natural  efteCl,  or  by  fome  afliitance  of  art. 

All  which  confequences  are  fairly  deducible 
from  the  following  obfervations. 

In  the  copper  mine  near  St. Bel  I  found  the  ftone 
which  ufually  covers  the  veins  of  ore,  and  adheres 
thereto,  compofed  of  diverfe  laminae  laid  one  ovrr 
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another  of  a  filver  colour  on  the  outfide,  and 
brownifh.  within. 

The  colour  of  this  inftde,  with  the  quantity 
of  little  fhining  fpecks,  and  the  heavinefs  of  the 
done,  led  the  workmen  to  imagine  it  full  of  me¬ 
talline  parts,  and  accordingly  they  throw  it  a- 
mong  the  reft  into  the  furnace  prepared  for  the 
calcination  of  the  pieces  of  ore. 

Now  it  is.  evident  the  fire  ufed  in  this  calcina¬ 
tion,  being  to  penetrate  and  turn  the  ftones  quite 
red,  mull  vaftly  furpafs  the  force  of  that  com¬ 
monly  employed  for  the  calcination  of  gypfum^ 
and  conlequently  if  the  matter  which  covers  the 
filvered  fur  face  of  rnoft  of  thtfe  ftones  be  a  gyp- 
finn ,  this  gypfum  has  had  more  fire  than  was  ne- 
ceffary  to  calcine  and  reduce  it  into  plafter. 

After  this  calcination  they  caft  the  pieces  of 
ftone,  which  are  now  almoft  as  red  as  colcothar 
into  vats,  and  pouring  water  on  the  fame,  that 
liquor  imbibes  their  metalline,  vitriolic,  and  gyp- 
fous  parts,  and  is  at  length  feparated  therefrom 
by  running  from  fuch  vats  into  a  bafon,in  the  mid¬ 
dle  whereof  are  placed  feveral  pieces  of  old  iron ^ 
which  feem  here  to  be  transformed  into  copper. 

During  this  metamorphofis  a  thick  fmoak  is 
feen  like  a  white  cloud,  which  fpreads  over  the 
edges  of  the  balon,and  even  a  foot  beyond.  This 
cloud  gradually  diftolves  again,  and  I  have  lound 
that  when  it  was  fallen,  not  only  the  edges  of  the 
bafon,  but  even  the  ground  all  around,  were  co¬ 
vered  with  a  multitude  of  little  white  fiat  cryftals 
about  half  an  inch  long,  and  a  line  broad,  nearly 
ot  the  figure  of  a  parallel ipiped,  perfectly  trans¬ 
parent,  inOpid>  and  uniform,  which  the  cloud 
had  let  fall. 

Thefe  cryftals,  by  repeating  the  operations, 
become  collected  in  iufficient  quantity  to  form  a 
**  -  •  mafs 
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mafs  refembling  a  ftone,  which  by  its  figure  and 
colour  may  be  compared  to  thofe  large  (tones 
of  crude  tartar  brought  from  Marfeilles  and 
Montpelier ,  and  which  in  reality  are  no  other 
than  true  gypfum,  the  cryftak  whereof  they  are 
formed  being  found  infipid,  tranfparenr,  of  a  pa¬ 
rallelepiped  figure,  not  difloluble  by  water,  and 
eafily  calcinable  by  fire,  which  are  the  precife 
charaderifticks  of  gypfum. 

In  the  courfe  of  this  obfervation,  I  perfuade 
myfelf  to  have  fufficiently  fhewn  that  the  flone 
from  whence  this  copper  and  vitriol  are  drawn, 
bears  fome  refemblance  to  that  of  gypfum ,  that  it 
has  undergone  a  calcination  more  than  fufficienc 
to  turn  the  gypfous  part  of  its  compofuion  into 
plafler,  and  that  by  the  alteration  this  plafter  un¬ 
dergoes  in  its  dififoludon  in  water,  it  becomes  a 
matter  like  dried  plafter,  yet  contrary  to  the  na¬ 
ture  of  other  dried  plafter,  which  is  not  calcina- 
bie  nor  capable  of  being  ufed  anew.  We  find  that 
this  plafter,  though  always  fuppofed  to  be  dilani- 
mated,  will  (till  yield  cryftals  whofe  particles  are 
perfectly  like  thofe  of  the  ordinary  gypfum  ;  and 
1  have  even  found  by  experiment,  that  the  mafs 
which  luftains  thefe  cryftals,  and  which  to  the 
naked  eye  appears  only  a  mafs  of  hardened  pla¬ 
fter,  is  fufceptible  like  the  cryftals  themfelves  of 
a  new  calcination,  as  eafily  as  gypfum,  and  capable 
like  it  of  being  reduced  into  effedive  plafter. 

As  to  the  reddifh  colour  perceived  in  this  mafs 
of  cryftals, it  can  only  be  owing  to  the  duft  of  col- 
cothar,  which  upon  ftirring  it  fpreads  all  around 
the  vats. 

This  difcovery  has  given  me  occafion  to  exa¬ 
mine  the  phenomena  prefented  by  vitriol  in  the 
torture  it  undergoes  to  make  it  yield  its  fpirit, 
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and  the  procefs  afterwards  ufed  to  compofe  the 
fait  called  Glauberi . 

In  the  firft  of  thefe  operations  I  find  a  great 
conformity  between  the  lpecies  of  colcothar  pro¬ 
duced  by  calcination  of  the  fiones  of  the  mine  of 
St.  Bel ,  with  the  vitriol  put  in  a  retort,  in  order 
to  extract  its  fpirit,  fince,  as  I  have  already 
fhewn,  this  colcothar  of  St.  Bel ,  when  thrown 
into  a  proportionable  quantity  of  water,  difiolves 
into  a  blueifh  ftiptic  and  corrofive  liquor,  from 
whence,  befide  the  metalline  matter  feparated 
from  it,  there  likewife  arifes  by  effervefcence  a 
gypfous  matter,  which  refolves  on  the  edges  of 
the  bafon  into  parallelipiped  cryftals.  So  in  the 
compofition  of  the  fal  Glauberi ,  whereof  Mefirs. 
Boulduc  and  Gecffrey  have  given  us  the  procefs  at 
large,  when  the  oil  or  fpirit  of  vitriol  is  fuffici- 
ently  diffufed  through  a  proportionable  quantity 
of  water,  there  riles  on  the  water  in  the  time  of 
its  evaporation,  a  white  filvered  fcaly  cream  or 
froth,  which  being  drawn  from  the  water  and 
dried,  is  found  infipid  to  the  tafie,  indifloluble 
in  water,  and  eafy  to  be  calcined  by  the  gentleft 
fire,  qualities  which  render  it  in  all  refpedls  like 
the  gypfum  taken  from  the  edges  of  the  bafon, 
which  receives  the  folution  of  colcothar  from  the 
mine  of  St.  Bel. 

The  only  difference  obfervable  between  this 
laft  gypfum  >  and  that  of  St.  Bel ,  is  that  the  former 
fhews  itfelf  under  a  fcaly  figure,  whereas  the  latter 
appears  in  form  of  cryftals  •,  but  this  difference  is 
Jels  furprifing,  as  the  fcaly  and  filvered  figure  of 
the  gypfum^  coming  from  vitriol,  agrees  with  that 
of  the  filvered  furface  found  on  moll  of  theftones 
calcined  at  St.  Bel  tor  the  procurirg  of  copper. 

And  though  the  experiment  of  Mefirs.  Boulduc 
and  Geoffroy  were  not  made  with  vitriol  procured 

from 
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from  the  mine  of  St.  Bel ,  it  is  probable  if  that 
were  ufed  it  would  produce  the  fame  effects,  and 
the  rather,  as  that  procured  from  the  colcothar  of 
this  mine,  is  perfedtly  like  common  copperas,  and 
was  originally  mixed  with gypfum. 

My  iecond  obfervation  was  made  in  the  allum 
mines  of  Almafaron ,  a  town  in  Murcia.  The 
mount  which  covers  them  is  very  high,  and  the 
earth  it  is  formed  of  full  of  veins  of  two  kinds  of 
ftones,  one  whereof  by  its  colour  refembles  the 
magnet  more  than  any  other  (tone,  whereas  the 
other  both  in  figure  and  colour  refembles  frag¬ 
ments  of  the  hardened  and  difan i mated  plafter. 

The  middle  of  the  mountain  prefents  apertures 
in  divers  parts  of  it,  which  lead  to  fubterraneous 
grottos,  into  fome  whereof  I  went  down,  and  by 
the  favour  of  flambeaux  could  fee  vaults  and  par¬ 
tition  walls  inverted  with  a  whitifh  velveting, 
much  like  the  hoar  which  fometimes  covers  the 
walls  in  frofty  weather,  with  this  difference,  that 
the  hoar  abovementioned  was  more  abundant  in 
fome  parts  than  in  others,  and  flood  out  promi- 
nant  from  the  wall  fome  two  or  three  inches,  re- 
fembling  fo  many  bunches  of  white  hair.  Tearing 
fome  of  them  off,  and  coming  to  obferve  them  in 
the  open  day,  I  found  that  the  threads  whereof 
they  confided  were  friable,  acid,  and  ftiptic  to 
the  tafte,  foluble  in  water,  and  filvered  to  the 
eye,  which  made  me  take  them  for  a  plume  al¬ 
lum,  though  the  inhabitants  only  conceive  them 
as  a  common  allum. 

Prefenting  a  piece  of  this  aluminous  fubftance  to 
the  flambeaux,  part  of  it  reddened  and  turned 
into  colcothar,  ftill  referving  its  ftipticity,  while 
the  other  remaining  white  turned  into  a  white 
powder  like  that  arifing  from  gypfum  when  calci¬ 
ned  and  reduced  to  plafter. 


Comparing 
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Comparing  this  matter  with  that  I  had  obi'erved 
in  the  veins  of  the  mountain  of  Ahnafar I  came 
into  the  opinion  that  this  fubftance  {licking  on 
the  parities  ot  the  caverns,  is  no  other  than  a  re¬ 
vivification  of*  the  third  fpecies  of  the  gypjum  ;  in 
effect,  it  has  the  preciie  colour  thereof,  its  texture 
is  withaj  difpofed  into  parallel  fibres,  which  ren¬ 
der  it  filiated,  and  part  of  its  lubftance  turns  to 

4 

verefore  I  did  not  find  on  the  top  oi  this 
mountain  a  native  gypjum  of  the  third  kind,  at 
leaft  I  may  be  allowed  to  afifert  that  it  exifts  there, 
from  the  obfervation  of  thole  white  ftones,  and 
from  the  plenty  of  this  kind  of  ftriated  gypjum 
found  in  feveral  parts  of  Spain . 

It  cannot  be  doubted  but  that  the  gypfous 
matter  predominates  in  this  plume  allum,  fince 
by  a  bare  expofing  of  it  to  the  fire,  ir  eafily  fepa- 
rates  from  doe  faline  fubftance.  The  mixture  is 
even  perfectly  like  that  found  in  the  mine  of  St. 
Bely  where  the  mixture  does  not  feparate  till  the 
fame  acid  fait,  wherewith  it  was  united,  becomes 
joined  by  art  to  certain  metalline  parts  extraneous 
to  this  riiixt  j  whereas  in  that  of  Alma  Jar  on ,  ha¬ 
ving  no  extraneous  metalline  fubftance  to  incorpo¬ 
rate  withal,  it  remains  united  with  this  third  kind 
of  gyp  Jam. 

But  what  dill  better  eftabli flies  the  relation  be¬ 
tween  this  fubftance  and  that  of  St.  Bely  is  the 
uniformity  of  the  matters  found  in  thofe  two  places; 
fince  as  the  (lone  of  St.  Bely  after  calcination,  ap¬ 
pears  in  form  of  a  true  colcothar  :  fo  at  the  foot  of 
the  mountain  Aim  ajax  on  we  meet  with  a  brown  ifh 
earth,  called  by  the  natives  almagray  which  is  no 
other  than  a  native  colcothar.  And  as  a  mixture  of 
the  acid  fait  of  vitriol  with  the  iron  it  is  poured  on, 
is  capable  of  forming  green  cryftais  of  copperas. 


piafter 
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fo  in  the  grottos  o  $  Aim  afar  on  the  mixture  of  a 
larger  quantity  of  parts  of  iron  with  the  acid  fait 
of  plume  allum,  produces  green  crvftals  of  cop¬ 
peras  covered  with  fibres  of  plume  allum. 

The  only  difference  between  thefe  two  obfer- 
vations,  is  in  the  manner  wherein  the  gypfum  of 
the  mine  of  67.  Bel  is  di  fen  gaged  from  the  fub- 
fiances  it  was  united  withal,  which  is  here  done 
by  art,  whereas  the  reparation  of  the  more  im¬ 
perfect  gypfum  at  Almafaron  is  done  naturally. 

The  two  obfervations  are  happily  confirmed 
by  certain  others  which  I  made  by  a  microfcope 
on  the  four  different  fubftances  of  gypfum  plafter, 
hardened  plafter,  and  the  cryflallized  gypfum  of 
Si.  Bel  and  Almafaron. 

I  took  a  piece  of  gypfum  from  the  quarry  of 
Montmartre ,  and  having  pulverized  it,  obferved 
that  all  the  grains  of  the  powder  into  which  it  was 
firff  reduced,  were  very  trarifparent  ;  and  that 
upon  a  further  levigation  they  appeared  of  a  long 
nervous,  and  parallel  ipipedal  figure,  though  fuch 
as  were  frnaller  than  the  reft,,  were  a  I'm  oft  fpheri- 
cal  ;  it  is  eafy  to  judge  that  thefe  parallefipipeds 
are  the  pure  gypfum ,  and  that  the  little  jfpheru’es  are 
by  no  means  the  ruins  of  the  parallelipipeds,  fmee 
by  the  microfcope  the  fined  leaves  o  §  gypfum  ap¬ 
pear  ftriated,  and  the  inter  ft  ices  between  the  ftrta 
filled  with  thefe  fpheroids, 

Viewing  by  the  fame  microfcope  another  parcel 
of  powder  of  the  fame  gypfum  calcined  and  turned 
to  plafter,  1  could  perceive  each  paraMelipiped 
grain  ftrewed  irregularly  over  with  thefe  fpherules. 
At  the  fame  time  I  obferved  that  the  fpherules 

X 

were  more  or  Ids  numerous  according  to  the  time 
which  the  calcined  mixt  had  been  expofed  to  the 
air  •,  and  that  the  fame  fpherules  joined  themfelves 
very  readily  to  the  moifture  of  the  air,  fb  that 

they 
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they  would  not  only  be  carried  away  very  nimbly 
like  all  volatile  hilts,  but  that  when  incorporated 
with  this  moifture,  they  affiumed  a  fiat  oval  fi¬ 
gure,  which  makes  me  confider  thefe  fpherules  as 
the  faiine  particles  of  the  mixt. 

By  means  of  the  fame  microfcope  I  found  the 
fame  parallelipiped  figure  in  feveral  particles  of 
the  powder  of  hardened  or  difanimated  plafter, 
with  this  difference,  that  they  were  intermixed 
with  other  particles  of  a  figure  different  from  the 
former,  and  from  that  of  the  lpherules  in  the  two 
preceding  obfervations. 

This  feparation  of  the  gypfous  parts,  which  are 
the  parallelipipeds  from  the  faiine  ones,  which  are 
the  fpherules  \  and  this  mixture  of  other  particles 
different  both  from  the  parallelipipeds  and  fphe¬ 
rules,  can  only  arife  from  the  addition  of  certain 
terrefirial  parts  introduced  by  the  water  into  the 
plafter  in  beating  it,  to  which  the  faiine  particles 
have  joined  themfelves  as  intimately  as  they  had 
before  done  with  the  parallelipipeds.  This  feems 
to  be  the  caufe  of  the  difference  between  the 
powder  of  calcined  gypfum  and  that  of  hardened 
plafter,  the  former  of  which  being  mixed  with 
water,  has  the  property  of  turning  into  a  manage¬ 
able  pafte,  which  in  a  little  time  becomes  as  folid 
as  flone,  whereas  the  latter  will  never  incorporate 
thoroughly  by  means  of  water,  and  even  remains 
much  longer  without  drying,  becaufe  in  the  for¬ 
mer  the  faiine  parts  (ticking  on  the  furface  of  the 
parallelipipeds,  bind  them  in  fome  fort  together, 
which  is  further  itrengthened  by  the  terrefirial 
particles  deposited  by  the  water  in  the  interfaces 
between  the  globules  j  whereas  in  the  powder  of 
the  hardened  plafter,  the  parallelipipeds  having 
none  oi  thefe  lpherules  on  their  furface,  on  ac¬ 
count  that  they  are  fattened  to  the  terreftrial  par¬ 
ticles 
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tides  of  the  Water,  they  can  no  longer  unite  toge¬ 
ther  as  before ;  and  the  fame  alfo  befalls  beaten 
plafter,  which  having  been  expofed  Sometime  to 
the  air,  has  evaporated  its  moifture,  and  to  gyp - 
fum  itfelf,  by  lying  too  Jong  in  the  rain  and  lun. 

Laftly,  I  have  examined  the  gypfous  cryftals 
of  St.  Bel  by  the  microfcope,  having  firft  turned 
them  into  powder,  each  grain  whereof  appeared 
of  a  figure  much  like  that  of  the  plafter  of  Mont¬ 
martre. 

The  filver  cream  gathered  by  Me  firs.  Boulduc 
and  Geoffroy  in  making  their  fal  Glauberi ,  and 
which  we  have  afiferted  to  be  gypfous,  appear  by 
the  microfcope  to  be  compofed  of  almoft  as  many 
parallelipipeds  as  grains. 

The  native  plafter  which  I  gathered  on  the 
mountain  Aim  afar  on,  appeared  when  turned  to 
powder  nearly  of  the  fame  form,  excepting  that 
the  parallelipipeds  were  a  good  deal  lefs  perfect. 

But  I  was  foon  after  let  into  the  caufe  of  the 
different  figure  of  this  plafter  from  that  of  Mont¬ 
martre^  upon  viewing  by  the  fame  microfcope 
thofe  tufts  of  plume  allum  which  I  had  gathered 
in  the  fubterraneous  vaults  of  Alma  far  on ,  for  I 
found  that  the  gypfous  parts  of  this  allum,  in 
lieu  of  being  parallelipipeds,  appeared  as  it  were 
of  a  cylindrical  figure,  and  not  edged  as  thofe  of 
common  gypfum ,  which  convinced  me  frill  far¬ 
ther,  that  this  plume  allum  was  partly  formed  of 
the  gypfum  reduced  into  plafter  on  the  top  of  the 
mountain,  and  cryftallized  in  its  caverns. 

Thefe  laft  obfervations  made  by  the  micro¬ 
fcope,  gave  me  the  more  pleafure,  as  they  proved 
perfectly  conformable  to  thofe  made  by  M.Lewen- 
hoeck  on  the  firft  fpecies  of  this  mixt. 

Laftly,  From  thefe  feveral  obfervations,  which 
are  all  conformable  to  each  other,  I  conceive  the 
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four  conferences  propofed  at  the  beginning  of 
this  memoir,  as  abundantly  proved,  viz. 

That  of  the  mixture  of  gypfous  parts  in  divers 
bodies. 

Of  the  conftant  figure  of  fuch  gypfous  parti¬ 
cles. 

Of  the  communication  of  this  their  figure  to 
the  mineral  fubftances  they  are  combined  with. 

And  of  the  revivification  of  the  fame  gypfous 
particles  in  bodies  wherein  they  feemed  to  have 
been  deftroyed. 

And  if  thefe  principles  which  unfold  the  nature 
of  gypfum  may  pafs  for  certain,  they  will  lead  us 
to  a  more  perfect  knowledge  than  hitherto  we 
have  had  of  thofe  which  compofe  other  mineral 
bodies. 

They  will  teach  us,  for  inftance,  that  if  not¬ 
withstanding  the  utmoft  torture  we  can  give  to 
water,  fait,  glafs,  fulphur,  gypfum ,  or  metals, 
thofe  fubftances  ftill  refume  their  firft  form,  they 
muft  be  compofed  of  particles  whofe  figure  is 
peculiar  to  them,  and  incapable  of  being  deftroyed. 

From  which  confequence  arifes  this  other,  that 
as  we  are  not  to  admit  any  deftruCtion  of  metals 
and  minerals,  other  than  the  metamorphofes  which 
arife  by  the  difunion  of  their  moft  intimate  parts, 
ib  we  are  to  admit  no  other  reproductions  or  re¬ 
vivifications  befides  the  re-union  of  thofe  fame  in¬ 
timate  parts,  which  before  were  feparated  and 
intirely  difguifed  by  the  addition  of  other  fo¬ 
reign  fubftances. 


III.  On 
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1IL  On  the  method  of  procuring  mercury 
from  the  mines  of  Almaden  in  Spain,  and 
the  nature  of  the  difeafes  of  thofe  employed 
therein ,  by  M.  de  Jumeu  5  tranjlated  by 
Mr .  Chambers. 

The  ufe  of  mercury,  called  alfb  quickfilrer  in 
the  arts,  and  ei pecially  in  the  purification  of  gold 
and  filver,  has  rendered  princes  in  whofe  do¬ 
mains  this  mineral  is  found,  highly  folicitous 
about  the  means  of  multiplying  the  produce 
thereof ;  fo  that  an  inquiry  into  the  methods  by 
which  this  is  effected,  will  be  found  equally  cu¬ 
rious  and  ufeful. 

F or  this  reafon,  to  make  all  the  advantages  I 
could  of  my  late  journey  into  Spain ,  enjoined  me 
by  the  king  and  the  duke  of  Orleans  for  the  im¬ 
provement  of  botany ,  I  apprehended,  that  having 
an  opportunity  to  obferve  the  works  in  a  mine 
which  pafies  for  the  molt  antient  as  well  as  the 
richeft  in  Europe ,  the  intelligence  which  I  ga¬ 
thered  therefrom,  by  his  catholick  majefty’s  per- 
mifiion,  might  not  be  ufelefs  in  our  own  country, 
in  cafe  of  the  difeovery  of  any  mines  of  this  kind. 

That  of  Almaden ,  whereof  I  am  now  to  fpeak, 
takes  its  name  from  a  town  in  a  little  province  of 
Spain  called  la  Mane  a ,  on  the  frontiers  of  Eftra - 
madura  to  the  weft,  and  furrounded  on  the  fouth 
with  feveral  mountains  belonging  to  the  Sierra 
Morena ,  or  black  mountain. 

The  town  is  fituare  on  the  top  of  a  mountain 
on  the  declivity,  as  alfo  at  the  foot  whereof,  to¬ 
wards  the  fouth,  there  are  five  feveral  apertures, 
which  by  fo  many  lubterraneous  paths,  lead  to 
the  places  where  the  cinnabar  is  dug. 

Ggg  2 
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There  are  none  of  thofe  external  marks  with¬ 
out  the  mine,  either  in  the  colour  of  the  earth, 
the  rubbifh  at  its  entrance,  or  the  fmell  exhaling 
from  it  *,  which  ufualJy  indicate  this  mineral. 

Of  the  five  apertures,  two  are  furrounded  with 
walls  which  form  a  kind  of  large  courts,  in  one 
whereof  are  forges  for  refitting  and  mending  of 
the  inftruments  necefiary  in  digging  the  mines, 
as  alfo  fheds,  under  which  the  necefiary  timber 
works  are  framed  ;  in  the  other,  which  is  a  few 
paces  diftant  from  the  former,  upon  the  afeent ; 
towards  the  town  is  a  well  dug  pretty  deep, 
which  lets  light  in  one  of  the  moft  confiderable 
branches  of  the  mine  ;  it  alfo  ferves  to  let  down 
beams,  props,  &c.  for  fhoring  and  fuftaining  the 
earth,  and  is  of  fome  further  ufe  for  drawing  up 
large  lumps  of  the  mineral,  which  it  would  be 
troublefome  to  convey  as  far  as  the  firfl  aperture, 
by  which  the  workmen  enter. 

In  this  fecond  court  is  a  long  piece  of  wood, 
placed  horizontally,  and  fuftained  by  its  middle 
on  a  pivot  raifed  about  half  a  foot  from  the  ground, 
wherewith  they  weigh  the  large  lumps  of  mineral 
drawn  up  by  this  well,  and  according  to  the 
weight  thereof  pay  the  workmen  their  wages. 

The  third  aperture,  which  is  a  few  paces  from 
the  former,  but  almoft  in  the  fame  line,  is  inclofed 
by  a  building  which  ferves  as  a  prifon  to  the  male¬ 
factors  condemned  to  the  mines ;  by  this  they  de¬ 
fend  and  afend  again  from  the  mine. 

The  fourth,  which  is  on  the  higheft  part  of  the 
mountain,  and  within  the  town  itlelf,  only  ierves 
for  going  down  into  the  mines  on  extraordinary 
occaiions. 

And  laftly,  the  fifth,  which  is  within  the  fame 
inclolure  as  the  firft,  is  always  fhut,  being  never 
to  be  opened  except  for  the  benefit  of  rheumatic 

people. 
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people,  who  enter  by  it  into  a  place  where  a  warm 
vapour  arifes,  which  gives  them  a  gentle  fweat. 

What  is  mod  extraordinary  in  this  mine,  is 
the  contrivance  of  the  places,  by  means  whereof 
the  branches  which  lead  to  the  places  given  over, 
are  gradually  filled  up  with  the  earth  procured 
from  thofe  a£lually  in  digging,  fo  that  not  only 
the  carriage  of  earth  to  a  great  didance  is  pre¬ 
vented,  but  alfo  thofe  fliudderings  and  fallings  in 
which  happen  but  too  often  in  fubterraneous 
places. 

As  to  the  guts  or  paflages  leading  to  the  works, 
their  drudture  is  very  neat,  they  are  about  feven 
foot  high,  and  four  or  five  wide,  the  roofs  there¬ 
of  being  fudained  by  oaken  planks  laid  over  two 
pods  of  the  fame  wood,  fixed  againd  the  two 
fides  of  the  paflage. 

The  earth  in  thefe  paflages  is  not  fo  moid  as  is 
commonly  found  in  fuch  places,  for  befide  that 
the  miners  dig  at  the  drain  at  the  bottom  of  one 
of  the  fides,  which  being  continued  through  the 
aperture  of  the  mine,  carries  the  water  into  a  well 
dug  for  the  purpofe •,  they  take  care  to  cover  both 
this  drain  and  the  middle  of  the  paflage  with 
boards  faflened  end  to  end,  which  lead  to  the 
place  of  working.  The  fmoothnefs  of  the  plane 
formed  by  thefe  boards  facilitates  the  paflage  of  a 
fort  of  little  carts  with  four  wheels,  loaden  with 
three  or  four  bafkets  full  of  pieces  of  ore,  and 
pufhed  along  by  the  workmen. 

The  veins  which  appear  at  the  bottom  of  the 
place  where  the  miners  are  employed,  are  of 
three  forts.  The  mod  common  is  a  pure  rock  of 
a  greyifh  colour  on  the  outfide,  and  intermixed 
with  reddifh,  whitifh,  and  cryflalline  dains  with¬ 
in. 
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This  firft  contains  a  fecoad,  confiding  of  the 
reddilh  parts  among  the  former,  and  thole  which 
come  neared  the  col^gr  of  minium. 

Ladly,  the  thifd,  which  is  of  a  more  compadb 
fubftance,  very  heavy,  hard,  and  grained  like 
free  done,  is  of  a  brick-coloured  red,  intermixed 
with  a  multitude  of  little  filvered  fparks. 

Among  thefe  three  forts  of  mineral  veins, 
which  are  the  only  valuable  ones,  are  found  feve- 
ral  other  kinds  of  done  of  a  greyifh  date- colour, 
and  two  kinds  of  fatty  unduous  earth,  which  they 
throw  away. 

Haying  picked  out  the  pieces  of  the  three  >rrs 
of  veins  above-mentioned,  they  convey  them  a- 
to  an  inclofure  at  the  extremity  of  the  town,  on 
the  top  of  the  mountain  to  the  wefter«n  fide* 
wherein  are  built  feveral  furnaces  for  the  tepara- 
tion  of  the  mercury. 

Thefe  furnaces,  which  are  joined  by  rwo  and 
two,  form  an  oblong  building  about  1 2  foot  high, 
refembling  on  their  in  fide,  which  is  only  4  oot 
.and  a  half  broad,  our  common  lime  kilns. 

The  hearth,  which  is  about  five  foot  high,  is 
for  laying  the  wood  on,  and  the  fpaOe  which 
from  the  grate  to  the  dome  is  about  feven  foot, 
ferves  to  contain  the  pieces  of  the  three  forts  of 
done  above-mentioned  ;  thofe  of  the  firft,  which 
are  about  the  fize  of  our  rough  dones,  are  put 
immediately  upon  the  hearth,  which  is  of  brick, 
by  a  door,  which  opens  afide  of  this  hearth  ;  thofe 
of  the  third,  which  are  fomewhat  lefs,  are  thrud 
into  the  fpace  over  the  former  ;  and  ladly,  thofe 
of  the  fecond,  which  cannot  be  put  in  by  the  door 
o*  the  grate,  are  placed  by  the  aperture  of  the 
dome ;  and  in  regard  thefe  lad  are  the  fmalled, 
by  reaion  their  vein  eafily  breaks,  they  mix  them 
.  up  with  clay,  and  form  a  fort  of  iquare  loaves, 

which 


Royal  Academy  of  Sciences.  415 

which  arc  co  be  dried  ere  they  put  them  in  the 
furnace. 

The  furnace  being  thus  filled  within  a  foot  and 
an  half,  which  is  left  for  the  vapour  to  circulate 
by,  and  the  door  of  the  grate  as  well  as  the  dome 
being  clofed  with  brick,  they  light  a  wood  fire 
on  the  hearth,  the  fmoak  whereof  goes  out  by  a 
tube  contrived  in  the  thicknefs  of  the  wall,  and 
continued  like  a  chimney  two  or  three  foot  be¬ 
yond  the  ridge  of  the  building. 

The  hind  part  of  the  furnace,  which  is  that 
oppofite  to  the  aperture  of  the  hearth,  refts  all 
but  a  foot  and  an  half  of  its  height  againfl  a  ter¬ 
ras  ;  and  this  part,  which  exceeds  the  terras,  is 
pierced  in  its  whole  compafs  with  16  fpiracles 
each,  7  inches  in  diameter,  and  raifed  in  the  fame 
horizontal  line  :  this  terras,  which  is  only  five 
fathoms  long,  is  terminated  by  another  little 
building  which  faces  the  hind  part  of  the  furna¬ 
ces,  and  its  floor  being  paved,  defeends  on  each 
fide,  by  which  it  touches  thofe  oppofite  buildings 
in  an  eafy  declivity,  which  forms  a  gutter  in  the 
middle  of  this  fpace. 

The  ufe  of  this  terras  is  to  fuftain  feveral  alu- 
dels  or  earthen  veflfels  pierced  at  both  ends,  they 
are  half  a  foot  in  diameter,  and  two  foot  long  j 
and  from  the  16  fpiracles  of  the  two  furnaces,  to 
the  fame  number  of  apertures  made  in  the  foot  of 
the  front  wall  of  the  little  building  oppofite  to 
thefe  furnaces,  form  lines  of  communication  like 
large  firings  of  beads. 

By  means  of  thefe  aludels,  the  lulphurs  and 
mercurial  vapours  raifed  from  the  ore  by  a  violent 
fire,  during  13  or  14  hours,  are  conveyed  to  this 
little  oppofite  building,  and  do  not  efcape  by  the 
four  chimney  tubes  which  open  therein,  till  they 

have 
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have  depofited  their  heavieft  parts,  which  are  the 
mercury  revivified  in  thefe  aludels. 

They  let  the  fcrnaces  cool  for  three  days,  after 
which  the  aludels  are  unluted,  and  the  mercury 
poured  out  of  them  into  a  fquare  chamber,  whole 
fides  run  aflope  and  terminate  in  a  little  ciftern 
placed  in  the  middle  thereof. 

In  running  from  the  extremities  of  this  cham¬ 
ber  into  the  ciftern,  the  mercury  purges  itfelf  of  a 
black  duft  which  is  left  (ticking  to  the  bottom  of 
the  chamber,  to  be  fwept  away  by  the  women 
from  time  to  time. 

The  ufe  of  the  gutter  in  the  terras,  is  to  collect 
all  the  mercury  which  might  have  efcaped  through 
the  luting  of  the  aludels,  and  upon  the  ftirring  and 
Ihifdng  them. 

And  the  four  chambers  into  which  the  little 
building  that  terminates  the  terras  is  diftributed, 
ferve  as  fo  many  receivers,  where  the  fmoak,  by 
the  ftay  it  makes  there,  depofits  (fill  more  mer¬ 
cury,  which  they  find  here  as  well  as  in  the  alu¬ 
dels.  There  is  an  entrance  into  each  of  thefe 
chambers  by  a  window,  which  they  clofe  very 
exa&ly  with  luted  bricks  in  the  time  of  the  opera¬ 
tion. 

The  quantity  of  mercury  which  one  furnace  full 
of  pieces  of  the  three  kinds  of  this  ore  will  afford 
by  one  co&ion,  is  very  confiderable,  amounting 
at  leaft  to  25  quintals,  fometimes  to  30,  and 
fometimes  even  to  60  quintals  of  revivified  mer¬ 
cury.  •  *  #  n. 

The  mercury  produced  at  each  codlion,  is  car¬ 
ried  into  a  magazine  built  in  the  fame  inclofure, 
where  it  is  preferved  in  fheep-fkin  bags  fufpended 
over  earthen  vcffels,  till  they  fend  it  to  Mexico. 
In  the  year 'i  7 17  there  were  25000  quintals  of 
this  mineral  remaining  in  the  magazine  after  a 

much 
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much  greater  quantity  thereof  had  been  fent  to 
Seville . 

After  this  I  might  fubjoin  feveral  explanations 
upon  the  quality  of  different  kinds  of  cinnabar 
treated  of  by  Pliny ,  lib.  33.  cap.  7.  and  fliew  that 
the  cinnabar  mine  in  Spain ,  whereof  he  fays  the 
Romans  were  fo  jealous  that  they  yearly  tranf- 
ported  10000  weight  of  its  ore  to  Rome ,  to  be 
prepared  by  themfelves,  and  employed  in  their 
paints  and  fucus's ,  was  the  fame  with  that  of  AU 
tnaden ,  which  I  might  confirm  not  only  from  the 
grain  and  red  colour  of  this  ore,  which  flill  an- 
fwers  to  Pliny’s  defcription,  but  from  the  filia¬ 
tion  of  the  place,  which  he  mentions  to  be  in  the 
j Bastica,  and  the  a£lual  tradition  of  the  country  ; 
but  I  chufe  rather  to  be  producing  obfervations, 
than  entering  upon  difcuffions. 

The  firtf,  which  to  me  appears  equally  ufefu! 
and  fimple,  is  their  method  of  proving  whether  a 
ftone  contains  mercury  or  not,  and  in  what  quan¬ 
tity.  To  this  end  they  chufe  a  ftone,  which  by 
its  weight  and  colour  feems  to  have  mercury  in  itj 
and  heating  a  piece  of  it  red-hot,  when  it  appears 
covered  with  a  bluifh  flame,  withdraw  it  again, 
and  place  it  under  a  kind  of  bell-glafs,  through 
which  they  obferve  the  fumes  that  exhale  from  it ; 
and  if  they  condenfe  and  gather  into  little  filvered 
drops  which  hang  to  the  fides  of  the  glafs,  or  drop 
down,  they  are  fure  it  contains  mercury. 

By  this  experiment  I  was  led  to  another  eafier 
.  one  for  difeovering  any  fufpedled  fophi ft i cation  in 
in  a  piece  of  cinnabar,  which  is  by  pulverizing  it, 
and  calling  the  powder  upon  a  burning  coal,  the 
colour  of  the  flame  will  difeover  either  the  purity 
of  the  mineral,  or  the  quality  of  the  foreign  body 
mixed  with  it  ;  for  if  it  be  pure,  the  flame  will 
appear  thicker  and  of  a  blue  colour,  bordering 
Vol.  V.  N°.  66.  Hhh  on 
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on  violet,  without  almoft  any  tafte  *,  whereas  if 
the  flame  border  on  red,  it  will  be  an  indication 
that  the  cinnabar  has  been  adulterated  with  red 
lead  :  if  it  exhibits  a  fort  of  boiling,  joined  with 
an  odorous  fume,  it  is  a  proof  of  the  admixture 
of fanguis  draconis  therewith. 

2dly,  By  obferving  the  foil  which  the  miners 
open  to  pull  up  the  rock,  even  in  thofe  places 
where  the  vein  is  richeft,  I  could  not  perceive  that 
they  find  thofe  quantities  of  running  mercury 
which  are  commonly  imagined  and  if  there 
fometimes  appear  a  few  ounces,  it  is  in  confequence 
of  the  violent  ftrokes  which  the  miners  give  upon 
the  rock  with  their  iron  inftruments,  or  of  the  heat 
and  expiofion  of  the  gunpowder  wherewith  they 
fometimes  ftorm  the  mines. 

3dly,  Enquiring  whether  there  might  not  be 
minerals  of  fome  other  fpecies  in  thefe  mines,  ac¬ 
cording  to  the  notion  of  fome  chymifts,  who  hold 
mercury  the  principle  of  metals,  I  learned  that  no 
other  kind  had  ever  yet  been  obferved,  nor  could 
I  find  any  by  my  own  fearch. 

My  fourth  obfervation  relates  to  the  manner  of 
feparating  mercury  from  cinnabar,  which  has 
fomething  in  it  very  different  from  the  Spaniards 
practice  in  Peru ,  and  has  fcarce  any  thing  in 
common  with  that  ufed  by  the  Italians  in  the 
mines  of  Friuli ;  for  at  Guancavelica ,  a  celebra¬ 
ted  quickfilver  mine  in  Peru ,  the  operation  is 
performed  in  little  furnaces,  which  obliges  the 
workmen  to  cool  the  aludels  by  a  quantity  of  wa¬ 
ter  placed  within-fide  thereof,  as  alio  by  fprink- 
ling  the  outfide  during  the  operation,  in  order  the 
better  to  condenfe  the  mercurial  vapours  *,  whereas 
at  Almaden  it  is  the  lengthening  the  line  of  thefe 
aludels,  l  y  continuing  them  from  one  end  of  the 

terras 
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terras  to  the  other,  that  does  the  office  of  refrige¬ 
ration. 

As  to  the  method  in  the  mines  of  Friuli ,  it  is 
more  operofe,  yields  lefs,  and  takes  up  more  time 
and  greater  number  of  workmen  than  either  of 
them,  by  reafon  of  the  great  number  of  lotions 
which  the  pulverized  cinnabar  undergoes  in  order 
to  feparate  the  mercury  therefrom,  by  its  weight, 
’ere  they  put  the  cinnabar,  according  to  the  me¬ 
thod  of  that  country,  in  retorts  *,  whereas  at  Alma- 
den  three  men,  in  the  fpace  of  three  days,  and  at 
a  very  moderate  charge,  will  go  through  a  coc- 
tion  which  produces  3000  weight  of  mercury. 

5thly,  Another  advantage  in  the  operation  of 
Almaden ,  is  its  fucceeding  without  any  foreign 
addition,  not  even  that  of  iron  filings,  which  are 
commonly  ufed  every  where  elfe,  in  order  to  re¬ 
vivify  the  mercury  without  any  lofs  of  its  quantity, 
which  the  Spaniards  attain  at  Almaden  by  the 
mixture  of  flone  and  earth  wherein  the  ore  is  in- 
cloled,  which  ferve  to  retain  or  fetter  the  fulphu- 
rous  parts  of  the  mercury  at  an  eafier  expence  than 
filings  do  in  the  retort. 

Nor  did  it  feem  of  lefs  importance  to  obferve 
what  effects  the  mercurial  vapours  might  have 
both  on  the  bodies  of  men  employed  in  working 
the  mines,  and  other  bodies  which  happen  to 
come  within  their  atmofphere,  and  the  common 
prejudice  entertained  againft  thefe  vapours,  made 
me  double  my  attention*,  but  I  learned  in  fine, 
that  this  opinion  ought  to  be  ranked  among  the 
number  of  popular  errors,  fince  fo  far  is  the  earth 
over  thefe  mines  from  being  barren,  that  on  the 
contrary  they  are  very  fertile  in  grain  and  other 
fort  of  plants,  which  withal  do  not  partake  the 
lead  of  any  arfenica!  malignity  fuppofed  to  be  in 
the  mercury  wherewith  the  mountain  abounds*, 

H  h  h  2  be  fide 
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befide  that,  the  fprings  on  the  northern  defcent  of 
the  mountain  afford  water  which  the  country  peo¬ 
ple  drink  without  any  inconvenience. 

The  fmoak  itfelf,  which  in  the  time  of  the 
operation  evaporates  through  the  chimneys  ol  the 
buildings  oppofite  to  the  furnaces,  and  whofe 
effect  were  more  to  be  apprehended  within  the 
compafs  of  the  earth  it  fpreads  over,  does  not  oc- 
cafion  the  leaft  alteration  on  the  neighbouring 
trees,  nor  is  at  all  felt  by  the  inhabitants  of  the 
town  who  live  neareft  the  furnaces. 

It  is  true,  native  cinnabar  given  inwardly, 
fometimes  produces  effects  very  different  from 
what  were  expected,  as  vomiting,  gripes,  &V. 
But  thefe  fymptoms  are  only  owing  to  the  want  of 
difcretion  in  chufing  a  cinnabar  like  that  of  the 
firfl  vein  above  defcribed,  wherein  is  a  great  mix¬ 
ture  of  vitriolic  parts  in  lieu  of  thofe  of  kcond 
and  third  veins,  which  I  have  obferveo  are  more 
pure. 

As  to  the  accidents  which  frequent!  *  happen 
upon  approaching  the  place  where  the  minus  are 
at  work,  I  obferve  that  they  are  oiten  deceived  in 
attributing  them  rather  to  a  vapour  arifing  from 
this  particular  kind  of  ore,  than  to  that  of  any 
other  place  where  no  metallic  ore  is  found,  for 
going  down  the  fame  winter  into  other  fubterra- 
ncous  places,  efpecially  the  quarries  of  St .  Leu  de 
Ceran  near  Chantilly ,  which  go  very  deep  under 
ground,  I  was  furprized  at  a  good  diftance  with 
a  very  four  lmeli,  which  only  arole  from  the 
fweat  of  the  men  employed  therein,  and  withal 
found  a  difficulty  of  refpiration,  as  alfo  pains  in 
my  Jimls,  much  like  thofe  wherewith  I  found 
myfelf  feized  in  the  mines  of  Almaden  ;  but  I  was 
convinced  at  the  fame  time,  that  thofe  different 
icnlations  were  the  neceffary  effcfts  of  too  hafly 

tranfitions 
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tranfitions  ufual  in  fuch  places,  from  a  hot  air  in¬ 
to  a  cold  one,  and  from  a  dry  to  a  moifl  one, 
fmce,  as  I  have  already  obferved  towards  the  be¬ 
ginning  of  this  memoir,  there  are  fome  places  in 
them  fo  hot,  that  they  ferve  as  (loves  to  rheuma¬ 
tic  people  that  come  there  to  fweat.  Another 
common  error  touching  the  caufe  of  the  difeafes  of 
thofe  who  work  in  the  mercury  mines,  is  that 
they  imagine  it  owing  to  the  continual  inspiration 
of  the  vapours  exhaling  from  it.  This  prejudice 
may  be  removed  by  comparing  the  (late  of  the 
miners  at  Alma  den,  who  work  voluntarily,  with 
that  of  the  (laves  who  are  forced  to  it,  the  former 
by  the  care  they  take  in  returning  from  the  mines 
to  change  all  their  working-cloathes  from  top  to 
toe,  and  their  fhoes  efpecialiy,  preferve  themfelves 
in  good  health,  and  attain  to  the  fame  age  as 
other  men;  whereas  the  poor  (laves,  being  unable 
to  lhift  their  cloaths,  and  being  even  obliged  to 
take  their  meals  in  the  mines  themfelves,  where 
they  handle  their  vi&uals  without  wafhing,  are 
liable  to  tumours  of  th $  parotides,  apth<e ,  falivati- 
ons  and  puftules  all  over  heir  whole  body  ;  all 
which  are  evidently  the  effect  of  the  immediate 
contact,  or  rather  admiffipn  of  the  mercurial  par¬ 
ticles  into  the  pores  of  the  (kin,  as  in  the  cafe  of 
mercurial  remedies. 

The  method  ufed  by  the  phyficians  of  Almaden 
is  very  different  from  what  we  commonly  pradtife 
on  the  like  occafion,  which  is  to  recur  to  purga¬ 
tives  and  bleeding  ;  the  whole  cure  is  effected  by 
expofing  the  patient  to  the  open  air,  and  admi- 
niftring  fome  hmple  abforbent,  as  burnt  hartfhorn, 
ivory,  crabs  eyes,  or  the  like.  And  what  is  moft 
remarkable  in  this  cure  is,  that  it  fucceeds  almoft 
univerfally  in  all  fober  abilemicus  perfons  ;  where¬ 
as  they  who  are  given  to  drinking,  die  without 

refource. 
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refource.  As  to  the  Haves,  &c.  which  at  their 
coming  into  the  mines  were  touched  with  any  ve¬ 
nereal  dilorder,  they  frequently  find  their  cure 
therein. 

It  is  naftinefs  therefore,  with  excefs  in  drinking, 
and  the  continual  contadl  of  mercury,  that  in  a 
length  of  years  occafion  thofe  tremors  wherewith 
the  workmen  are  feized  ;  which  however  are  not 
conftant,  but  grow  more  or  lefs  fenfible,  as  they 
are  more  or  leis  feized,  with  the  motions  of  fear 
or  furprize,  the  fad  effects  of  a  detention  of  the 
blood  in  the  veflels  of  the  brain,  when  rendered 
varicous  by  the  weight  of  certain  particles  of  mer¬ 
cury  lodged  therein,  which  equally  befalls  thofe 
who  have  taken  mercury  unfeafonably,  or  in  too 
great  quantity. 

An  explanation  of  the  figure r,  which  belong  to  the 
mines  of  Almaden,  tranfiated  by  ].  M. 

Plate  X.  Fig.  i . 

A  view  of  the  park,  in  which  are  the  furnaces, 
where  the  quickfilver  is  made,  and  the  royal  ma¬ 
gazine  where  it  is  kept. 

a  a  a  a,  the  wall  of  the  park. 

b  b  b  b  b,  &c.  furnaces  in  which  the  quickfilver 
is  feparated. 

c  c  c,  flieds  under  which  they  put  the  wood  and 
other  inflruments  ferving  for  the  furnaces. 

d,  the  royal  magazine,  in  which  the  quickfilver 
is  kept  under  fevcral  keys. 

Fig.  2.  gives  a  large  reprefentation  of  the 
furnaces  ferving  for  the  feparation  of  the  quick¬ 
filver. 

A,  two  furnaces  joined  together,  in  which  are 
dilpofed  the  pieces  of  mineral  cinnabar,  which 
a?e  to  furnilh  the  quickfilver. 


B, 


Royal  Academy  a/Sciences^  423 

B,  the  door  of  one  of  the  furnaces,  open  on 
the  fide,  even  with  the  grate,  and  ferving  for 

a  paffage  to  place  the  pieces  of  mineral  upon 
the  grate. 

C  C,  the  domes  of  the  two  furnaces. 

D  D,  the  tubes  of  the  chimnies  of  the  two 
furnaces. 

E  E  E,  fix  teen  apertures  in  form  of  fpiracles, 
in  which  the  aludels  are  inofculated. 

FFF,  the  terrafs  which  ferves  for  communi¬ 
cation  of  the  furnaces  with  the  chambers,  which 
ierve  for  a  receiver. 

G,  the  hairs  which  lead  to  the  terras. 

H  H,  the  line  of  aludels. 

I,  heaps  of  aludels,  of  which  other  lines  are 
to  be  formed. 

K,  a  building  divided  into  four  chambers,  in 
which  the  fmoak  is  colle&ed,  which  is  carried 
thither  by  the  aludels. 

LLL,  fixteen  fpiracles  or  apertures,  in  which 
the  aludels  are  inofculated,  and  anfwer  to  thofe  of 
the  furnaces. 

M  M  M  M,  the  windows,  by  means  of  which 
they  enter  into  the  chambers. 

N  N  N  N,  tubes  of  chimnies;  by  which  the 
fmoak  is  conduced  into  thefe  chambers  by  the 
aludels. 

Fig.  3-  a  pknk  in  equilihrio ,  ferving  as  a  ba¬ 
lance  to  weigh  the  heavy  parts  of  the  ore. 

Fig .  4 .  lumps  of  ore. 

Fig.  5.  the  hammer  and  chizzel  ufed  to  get 
)ut  the  ore. 

Fig.  6.  The  carriage,  which  ferves  in  the  mine 
0  carry  the  earth  and  fragments  of  cinnabar. 

Fig.  7.  planks  to  be  laid  on  the  carriage  to 
uftain  the  cabnts  or  bafkets. 
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Fig.  8.  a  fcuttle,  to  carry  the  iron  inftruments 
ufecl  in  breaking  the  ore. 

Fig.  9.  a  bag  made  of  fkin,  filled  with  quick- 
filver,  and  ready  to  be  lent  into  the  Indies. 

Fig.  to.  an  aludel. 

Fig.  11,  a  great  earthen  pot,  in  which  the 
quickfilver  is  put,  to  be  kept  in  the  royal  maga 
zine. 

Fig.  12.  a  bafket,  which  they  fill  with  little 
Fragments  of  the  ore,  and  lay  upon  the  little  car 
riage. 

Fig.  13.  a  fort  of  mould,  to  give  a  form  to  the 
clods  compoled  of  fat  earth  and  fmall  fragments 
of  ore. 

9  \  0  '  ■ 

*  *  *  *  1  '  .  A  . 

IV.  A  compart  [on  of  fome  obfervations  made 
by  the  Chevalier  de  Louville,  with  thofe 
which  have  been  made  at  the  obfervatoryy 
by  M.  Maraldi. 

As  M.  de  Louville  fees  the  fteeple  of  St.  Croix 
of  Orleans ,  from  the  place  of  his  obfervations, 
which  is  called  Carre ,  he  has  determined  in  toifes 
the  diftance  between  thefe  two  places,  by  a  mea- 
fured  bafe,  and  by  the  two  angles  obferved  at  the 
extremity  of  the  bafe.  By  this  diftance  and  the 
angle  ol  pofition,  he  has  found  the  parallel  diftance 
between  his  houfe  and  St.  Croix  to  be  1765  toifes, 
which  make  2'  45"  of  a  degree  difference  of  the 
meridians,  by  which  the  houfe  is  more  eaftward 
than  St.  Croix ;  he  has  found  alfo  by  the  fame  ope¬ 
ration  the  meridian  diftance  of  233  toifes  which 
make  15  ',  by  which  the  houfe  is  more  northward. 
Thus  the  pofition  ol  his  houfe  is  determined  with 
regard  to  St.  Croix. 


The 


imniii— j 


't/tser  u>  at  Alma  den 


mill 

h 

U| 

r-Ai  wL — 

Kill 

m;uii 

iiiiiiiimiiiiiiiiiniiiiiiiiiiiiiiiiii-' 

illinium  rmni 

ml 

r  Utl 

W 

Mil 

Royal  Academy  0/  Sciences.  42^ 

The  fituation  of  St.  Croix ,  with  regard  to  the 
obfervatory,  was  determined  by  geometrical  ope¬ 
rations  in  the  firft  meridian  journey  of  the  late  M. 
CaJJini.  For  the  meridian  diftance  between  the 
obfervatory  and  St.  Croix ,  was  found  to  be  53,31 9 
toifes,  which  give  56'  2"  of  a  degree.  And  fup- 
pofing  the  height  of  the  pole  of  the  obfervatory 
48°  50'  iov,  the  height  of  the  pole  of  St.  Croix 
will  be  470  54'  8 and  of  M.  de  Louvillt's  houfe 
4 7°  54  23". 

The  parallel  diftance  between  the  meridian  of 
the  obfervatory  and  St.  Croix ,  was  determined  in 
the  fame  journey  to  be  16,396  toifes,  which  make 
25"  36"  difference  of  longitude,  by  which  St. Croix 
is  to  the  weft,  but  M.  de  Louville’s  houfe,  by  the 
operations  which  he  has  made,  is  2 1 45"  more  eaft- 
ward  than  St.  Croix ,  therefore  the  difference  of  the 
longitudes  between  the  houfe  and  the  obfervatory 
amounts  to  22'  51",  which  make  1  3i//oftime, 
by  which  the  houfe  is  more  weftward.  This  is  the 
difference  which  refults  from  the  geometrical  me¬ 
thod  ;  and  that  alfo  has  been  tried  which  depends 
on  celeftial  obfervations. 

M.  Cajfini  and  I  obferved  the  emerfion  of  the 
firft  fatellite  from  the  fhadow  of  Jupiter ,  which 
was  obferved  alfo  by  M.  de  Louville.  M.  Caffini 
obferved  it  in  the  lower  apartment,  with  a  telefcope 
of  1 6  feet,  at  io1  5'  8''.  I  obferved  it  in  the  up¬ 
per  apartment,  with  a  telefcope  of  17  feet  at  10  ’ 
5y  7",  fo  that  we  agree  within  aboutafecond  in 
this  oblervation,  which  happens  pretty  often  in 
like  obfervations.  M.  de  Louville  has  obferved 
with  a  telefcope  of  23  feet  the  fame  emerfion  at 
Carre ,  near  Orleans ,  at  ioh  3'  29b  Before  I  com¬ 
pare  this  obfervation  with  our  own,  we  mult  ob¬ 
serve,  that  the  telefcope  which  M.  de  Louville 
m  ide  ufe  of,  is  6  or  7  feet  longer  than  thole  which 
Vol.  V.  N°.  56.  Ill  we 
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we  ufed,  thus  with  his  telefcope  he  muft'  have  feen 
the  emerfion  fooner  than  he  would  have  feen  it 
with  a  telefcope  of  the  length  of  ours,  and  by  fe- 
veral  experiments  made  for  a  long  time,  we  have 
found,  that  with  a  telefcope  of  23  feet  we  fee  the 
cmerfions  7  or  8  feconds  of  time  lboner  than  with 
a  telefcope  of  17  feet.  We  muft  therefore  add 
thefe  7  or  8  feconds  to  ioh  3'  29",  the  hour  of  M. 
de  Louville’s  obfervation,  and  we  fhall  have  ioh  3  ^ 
37;/,  which  being  fubftradted  from  10*5'  8",  the 
time  of  our  obfervation,  we  fhall  have  the  diffe¬ 
rence  of  the  meridians  V  3i//or  32"  of  time,  as  it 
refults  by  the  other  method,  which  we  found  to  be 
i'  31". 

This  experiment  is  not  the  only  one  that  we  have 
of  the  wonderful  agreement  betweenthefe  two  me¬ 
thods  in  the  determination  of  the  difference  of  the 
meridians.  We  alfo  found  laft  year  the  fame  ex- 
adlnefs  at  Dunkirk,  at  the  moft  northern  and  fouth- 
ern  extremity  of  the  meridian  of  the  obfervatory, 
and  in  1701,  toward  the  fouthern  extremity.  The 
wonderful  agreement  of  thefe  two  methods,  fo  dif¬ 
ferent  in  fo  many  points,  fhew  the  exa&nefs  of 
both  of  them. 
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An  explanation  of  the  Terms  of 
Art  ufed  in  this  Volume ,  which 
were  not  explained  at  the  End 
of  the  former  Volumes . 


A. 

AN nuli  of  an  infeft  are  thofe  rings,  which 
divide  the  body  as  it  were  into  feveral  par¬ 
titions. 


c. 

Caliper  is  a  peice  of  board  notched  triangular- 
wife,  in  the  middle,  for  the  taking  of  meafures* 
It  is  ufed  by  carpenters  and  joiners. 

M. 

Mark ,  a  weight  ufed  for  gold  and  filver.  The 
French  mark  weighs  8  of  their  ounces,  or  4608 
of  their  grains. 


T. 

trunnion  of  a  mortar,  or  of  a  cannon,  is  the 
knob  of  metal,  which  bears  it  up  on  the  cheeks  of 
the  carriage. 
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